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ABSTRACT 

Recent  research  conducted  at  the  Environmental  Acoustics  Laboratory 
at  The  Pennsylvania  State  University  has  demonstrated  that  temporary 
changes  in  loudness  perception  occur  following  high  level  noise  ex¬ 
posure.  Two  pilot  studies  and  an  experiment  are  presented  in  this 
study  which  evaluates  a  noise-induced  loudness  perception  test.  The 
first  two  experiments  investigated  the  feasibility  of  several  loudness 
perception  test  parameters.  The  third  experiment  described  a  Loudness 
Discrimination  Growth  Test  (LDGT)  which  is  based  on  the  information 
obtained  in  the  first  two  experiments.  This  LDGT  was  evaluated  in 
terms  of  clinical  feasibility,  reliability,  and  sensitivity.  The  find¬ 
ings  suggested  that  the  LDGT  is  reliable,  is  affected  by  the  spectral 
content  of  the  exposure  sound,  and  measures  noise- induced  temporary 
auditory  change  that  is  different  from  a  temporary  threshold  shift 
growth  test.  With  further  research,  this  LDGT  could  be  incorporated 
into  a  test  battery  for  use  in  identifying  those  individuals  who  are 
sensitive  to  noise-induced  auditory  changes  possibly  before  they 
develop  permanent  auditory  impairment. 
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CHAPTER  I 

MOTIVATION  FOR  THE  STUDY 


Effects  of  Noise  Exposure  on  Hearing 

Exposure  to  noise  at  high  sound  pressure  levels  for  long  periods  of 
time  can  produce  detrimental  changes  in  the  inner  ear  and  seriously 
impair  the  ability  to  hear  (Miller,  1974).  Many  of  these  hearing 
changes  are  temporary.  After  recovery  from  these  temporary  effects, 
however,  there  may  be  residual  permanent  effects  on  hearing. 

Evidence  of  the  damaging  effects  of  intense  noise  on  the  auditory 
system  has  been  obtained  from  research  applied  to  animals.  These 
animal  studies  have  shown  that  the  outer  ear,  eardrum,  and  middle  ear 
are  rarely  damaged  by  exposure  to  intense  noise  (VonGierke,  1965; 

Miller,  1974).  However,  excessive  exposure  to  noise  can  result  in  the 
destruction  of  sections  of  the  organ  of  Corti,  and  auditory  neurons  may 
degenerate  (Bohne,  1976;  Bredberg,  Ades ,  and  Engstrom,  1972;  Miller, 
1971),  Injury  to  the  organ  of  Corti  may  be  manifested  in  a  loss  in 
hearing  abilities. 

There  is  not  a  direct  relationship  between  the  extent  of  cochlear 
injury  and  the  resultant  hearing  handicap  when  the  hearing  is  measured 
by  threshold  testing.  Ward  and  Duvall  (1971)  reported  the1"  extensive 
loss  of  outer  hair  ceils  was  seen  in  the  absence  of  any  apparent  loss 
of  hearing  sensitivity.  Recent  evidence  from  human  and  animal  experi¬ 
ments  suggests  that  the  loss  of  sensory  cells  in  the  apical  part  of 
the  cochlea  (low  frequency  end)  must  be  quite  extensive  before  this 
damage  is  reflected  in  a  change  in  threshold.  Thus,  extensive  cochlear 


injury  following  noise  exposure  has  been  observed  in  the  absence  of 


elevation  of  the  hearing  thresholds  for  low  frequencies.  Conversely, 
in  the  basal  part  of  the  cochlea  (high  frequency  ena)  losses  of  sensory 
cells  of  over  a  few  millimeters  may  be  reflected  in  changes  in  hearing 
( 3redberg ,  1 968 ) . 

The  threshold  changes  that  result  from  high  level  noise  exposure 
typically  center  around  4000  Kz ,  and  are  detected  as  a  4000  Kz  dip  or 
notch  in  the  audiogram  configuration  (Schuknecht,  1974;  Spoendiin, 
1976).  If  exposure  to  damaging  noise  continues,  this  notch  usually 
becomes  deeper  (greater  hearing  loss)  and  spreads  to  include  a  broader 
frequency  range  (Sataloff  and  Michael,  1 97 3 '  - 

The  changes  in  hearing  that  follow  high  level  exposure  to  noise  are 
complicated  and  are  not  limited  to  threshold  shift.  Noise-induced 
hearing  changes  can  include  distortions  of  the  clarity  and  quality  of 
the  auditory  perception  as  well  as  loss  in  the  ability  to  detect  sound. 
The  extent  of  these  changes  can  vary  greatly  among  people. 

A  great  deal  of  effort  has  been  expended  in  recent  years  by  govern¬ 
ment  and  industry  to  protect  individuals  from  potentially  harmful  noise 
exposure.  Concern  over  noise  in  industry  was  reflected  in  the  Depart¬ 
ment  of  Labor  issuance  of  the  Waish-Heaiey  Public  Contracts  Acts  in 
1969  and  the  Occupational  Safety  and  Health  Act  (0SHA)  in  April  1972. 
Because  of  several  different  practical  problems,  the  rules  and  regula¬ 
tions  are  not  written  to  protect  all  the  people  from  noise  injury. 
Problems  include  the  lack  of  technical  knowledge  of  how  to  quiet 
machinery,  economic  impact  of  the  laws,  and  inadequate  procedures  for 
measuring  noise  and  assessing  hearing  impairment.  Another  major 
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problem  encountered  in  trying  to  write  a  noise  law  which  protects  the 
entire  population  is  that  individuals  differ  greatly  in  their  suscepti¬ 
bility  to  noise-induced  hearing  damage  (Gallo  and  Giorig,  1964; 
Rooinson,  1968;  Sataloff  et  al.,  1969). 

The  marked  individual  variation  in  noise  susceptibility  makes  it 
difficult  to  establish  an  effective  hearing  conservation  program.  For 
example,  if  two  individuals  are  exposed  to  the  same  noise  for  the  same 
length  of  time,  one  may  retain  near  normal  hearing  while  the  other  may 
sustain  a  significant  hearing  loss.  If  a  hearing  conservation  program 
is  to  be  effective,  the  noise  levels  should  be  reduced  to  a  safe  level 
for  the  most  sensitive  individuals.  Probably  the  allowable  sound  level 
should  be  no  more  than  70  dB(A) ,  because  seme  noise-susceptible 
individuals  may  be  permanently  injured  by  sustained  exposures  at  higher 
levels  (Michael,  1976).  Eut  the  economic  impact  of  limits  set  at  this 
■‘■evei  would  make  it  impossible  in  most  situations.  In  addition,  many 
recreational  activities  and  other  activities  not  related  to  the  work 
place  cause  noise  exposures  greater  than  70  dB(A),  (EPA  Publication, 
‘971).  Thus,  it  is  generally  impractical  to  use  this  low  level  expo¬ 
sure  limit  in  industry  unless  the  normal  life  style  of  this  country  is 
changed  radically. 

There  are  no  practical  and  accurate  procedures  presently  known  that 
can  be  used  to  determine  noise-susceptible  persons  before  the  develop¬ 
ment  of  significant,  permanent  hearing  impairment.  Temporary  threshold 
shift  (TTS)  testing  procedures  have  been  used  with  some  success  in  re¬ 
search  studies  to  provide  statistical  information  on  susceptibility  to 
specific  sound  exposures,  but  TTS  data  have  not  proved  to  be  efficient 
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for  predicting  permanent  threshold  shift  in  practical  situations  for  an 
individual  (Harris,  1965).  Various  methods  of  TTS  testing  are  dis¬ 
cussed  later. 

Investigation  into  a  test  procedure  that  is  sensitive  to  noise- 
induced  hearing  changes  before  permanent  hearing  damage  occurs  is  war¬ 
ranted  because  of  the  inadequacy  of  threshold  measurement  as  a  predic¬ 
tor  of  noise  susceptibility.  The  primary  purpose  of  an  improved  test 
procedure  would  be  to  identify  significant  but  nonhandicapping  hearing 
change  that  may  occur  prior  to  the  development  of  a  permanent  loss  m 
hearing  sensitivity.  Such  a  test  would  be  valuable  to  identify  noise- 
susceptible  individuals  and  avoid  their  assignment  to  noisy  work  areas. 

Temporary  Threshold  Shift 

The  measurement  of  temporary  threshold  shift  (TTS)  following  a  con¬ 
trolled  noise  exposure  was  proposed  as  a  predictor  of  individual  noise 
susceptibility  (Ward,  1966).  In  general,  the  observed  TTS  in  a  person 
for  a  given  noise  exposure  closely  parallels  the  average  permanent 
threshold  shift  (PTS)  for  similar  exposures  when  large  groups  of  sub¬ 
jects  are  studied.  It  has  been  established  by  a  number  of  researchers 
that  the  greater  the  level  of  noise  exposure  (up  to  approximately 
120  dB)  ,  the  larger  the  amount  of  TTS  ''Davis  et  ai.,  1  950;  Eldridge  et 
ai.,  1957;  Ward,  1952).  In  addition,  as  the  duration  of  the  noise 
exposure  is  increased  the  amount  of  TTS  is  also  increased  (Milxer, 
1974).  It  has  been  observed,  however,  that  the  growth  of  TTS  resulting 
from  high  level  sound  reaches  an  asymptotic  value  after  24  to  48  hours 
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of  continuous  exposure  (Mills  et  ai.,  1970;  Miller  et  ai.,  1971).  That 
is,  the  amount  of  TTS  increases  systematically  with  an  increase  in  the 
exposure  duration  of  high  level  noise  up  to  a  critical  duration.  TTS 
measurements  may  be  reliable  for  predicting  permanent  threshold  shift 
(PTS)  in  laboratory  studies  which  carefully  control  the  subjects' 
environment,  which  take  several  measurements  over  an  extended  period  of 
time,  and  which  statistically  calculate  the  risk  of  developing  PTS. 

This  type  of  test  procedure,  however,  cannot  be  used  in  industry  be¬ 
cause  it  is  impossible  to  control  a  given  person's  environment  while 
away  from  the  industrial  setting.  Also,  most  industries  cannot  afford 
to  allow  workers  to  take  time  away  from  work  to  obtain  numerous 
threshold  measures. 

In  1966,  Ward  proposed  the  measurement  of  TTS  at  two  minutes  after 
noise  cessation  (TTS?)  as  a  predictor  of  the  amount  of  PTS  that  might 
develop  from  a  noise  exposure..  TTS^  has  predicted  the  general  hearing 
effects  of  noise  for  groups  of  experimental  animals  (Sataioff  and 
Michael,  1973;  Miller  et  al . ,  1 96  3 )  •  However,  experiments  designed  to 
show  the  predictive  value  of  TTSj  for  PTS  in  individual  human  cases 
have  failed  to  find  a  relationship  (Harris,  1965;  Sataioff  et  ai . , 

1969;  Burns,  1973).  Thus,  the  TTS£  method  of  predicting  noise  suscep¬ 
tibility  is,  at  best,  effective  in  only  some  of  the  cases  in  -which  it 
is  used.  It  is  also  impractical  to  obtain  accurate  thresholds  at  ex¬ 
actly  two  minutes  post-exposure.  That  is,  the  TTS2  measure  requires 
that  a  worker  be  removed  from  the  noisy  work  environment  and  piacea  in 
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a  quiet  sound  room  ana  accurate  thresholds  be  obtained  within  two 
minutes.  In  most  work  situations,  it  is  not  practical  to  expect  to 
accomplish  this  task  in  such  a  short  time  for  a  large  number  of 
workers. 

The  presently  enforced  OSHA  industrial  noise  limits  protect  only  a 
portion  of  the  exposed  population;  thus,  continual  monitoring  of  the 
effects  of  high  level  noises  is  necessary.  The  hearing  abilities  of 
the  noise  exposed  population  must  be  evaluated  regularly  and  frequently 
to  determine  the  amount  of  permanent  threshold  shift  each  individual 
has  developed  as  a  result  of  continued  exposure  to  high  level  noises. 

It  should  also  be  noted  that  TTS  is  only  an  indicator  of  one  type  of 
hearing  change:  TTS  measures  only  reflect  threshold  changes  which 
result  from  high  level  noise  exposure. 

Permanent  Threshold  Shift 

An  effective  hearing  conservation  program  utilizes  test  methods 
that  provide  data  on  noise- induced  hearing  change  susceptibility  before 
permanent  hearing  change  begins  to  occur.  At  least,  it  would  be  desir¬ 
able  to  observe  shifts  even  when  they  are  very  small  so  that  noise- 
susceptible  individuals  could  be  identified  early  and  removed  from  the 
noise  before  sustaining  a  significant  hearing  change. 

Current  approaches  used  in  assessing  the  effects  of  high  level 
noise  exposure  on  hearing  abilities  are  generally  based  on  some  inter¬ 
pretation  of  permanent  threshold  shift  (PTS)  data.  Several  difficul¬ 
ties  are  encountered  in  the  use  of  PTS  methods  to  assess  hearing 


impairment . 
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Research  indicates  that  errors  due  to  earphone  placement  and 
variations  in  subject  responses  couid  result  in  threshold  measurement 
errors  as  high  as  17  dB  in  the  high  frequencies  where  noise  induced  ?TS 
first  appears  (Atherly  et  al . ,  1 96 3  )  •  Thus,  before  one  can  be  sure 
that  the  change  in  threshold  data  reflects  changes  in  hearing  aoili- 
ties,  a  high  frequency  threshold  shift  approaching  17  dB  must  be 
observed.  It  would  be  desirable  to  detect  changes  in  workers'  hearing 
abilities  before  they  develop  this  much  permanent  threshold  shift. 
Monitoring  tnreshold  hearing  tests  should  be  administered  frequently  if 
noise-susceptible  individuals  are  to  be  identified  before  a  great  deal 
of  noise- induced  hearing  impairment  is  incurred  by  workers  with  high 
noise  exposures.  However,  effective  threshold  monitoring  tests  are  not 
done  in  many  work  places  because  of  economic  and  other  practical  con¬ 
siderations  . 

Because  of  complicating  factors  svicn  as  temporary  threshold  shift, 
it  is  necessary  that  each  individual  not  be  exposed  to  high  level  noise 
for  at  least  16  hours  preceding  the  monitoring  threshold  test.  This 
presents  additional  scheduling  problems  and  may  limit  the  number  of 
worxers  tested  each  day. 

One  of  the  major  disadvantages  of  a  threshold  monitoring  program  is 
that  it  identifies  noise-susceptible  individuals  after  the  fact.  The 
presence  of  a  sizeable  ?Tb  following  a  minimal  noise  exposure  alerts 
the  hearing  conservationist  that  a  noise-susceptible  person  has  been 
exposed  to  noise,  but  it  only  provides  this  information  after  a  perma¬ 
nent  hearing  change  h3S  occurred.  The  post  hoc  nature  of  monitoring 


audiometry  is  obviously  inadequate  for  use  in  prevention  of  beginning 
PTS.  Due  to  this  problem,  the  information  obtained  with  any  PTS  pro¬ 
cedure  will  provide  data  too  late  to  prevent  noise-induced  threshold 
changes.  Thus,  a  PTS  measurement  procedure  is  not  a  desirable  tool  for 
the  examination  of  noise  susceptibility  in  programs  for  hearing  con¬ 
servation  that  intend  to  identify  the  problem  before  permanent  damage 
is  done. 

Another  problem  with  the  PTS  approach  is  that  it  only  characterizes 
one  type  of  auditory  change  (threshold  shift)  that  can  result  from  high 
levei  noise  exposure.  In  addition  to  a  hearing  threshold  change,  per¬ 
sons  with  noise- induced  hearing  impairment  often  demonstrate  abnormali¬ 
ties  of  iouaness  perception  and  loudness  discrimination.  These  loud¬ 
ness  abnormalities  are  in  many  cases  independent  of  the  amount  of  loss 
in  hearing  threshold.  Animal  research  gives  support  to  the  theory  that 
considerable  distortion  in  loudness  perception  may  be  experiencea  prior 
to  the  development  of  PTS  (Breaberg,  1960). 

A  diagnostic  test  procedure  would  measure  a  parameter  of  noise- 
induced  hearing  change  that  may  vary  independently  of  threshold.  How¬ 
ever,  it  is  unlikely  that  a  single,  clear-cut  predictive  tooi  for  the 
identification  of  a  noise-induced  hearing  pathology  can  be  found.  This 
problem  is  not  new  to  the  field  of  clinical  audiology.  From  clinical 
experience,  it  is  known  that  the  observed  predictive  efficiency  of  a 
single  test  is  usually  far  lower  than  the  efficiency  of  a  battery  of 
tests.  The  effectiveness  of  a  test  battery  is  even  greater  if  the 
component  tests  of  a  battery  do  not  show  a  high  correlation  among  one 
another  and  thus  do  not  duplicate  the  findings.  Therefore,  it  is 
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appropriate  that  a  test  battery  be  developed  which  incorporates  the 
measurement  of  loudness  abnormalities  and  of  temporary  threshold  shift. 
The  remainder  of  this  section  will  provide  background  material  for  a 
test  of  loudness  abnormality. 

lhe_ Loudness  Recruitment  Phenomenon 

The  presence  of  non-linearities  in  the  perception  of  loudness  by 
patients  with  noise- induced  hearing  loss  was  first  noted  by  Haberman 
(1390).  The  phenomenon  was  named  recruitment  by  Fowler  (1936)  and  was 
defined  as  an  abnormally  rapid  increase  in  loudness  as  sound  intensity 
increases.  Although  a  signal  that  gradually  increases  in  intensity  is 
normally  perceived  as  increasing  in  loudness,  the  ear  which  exhibits 
recruitment  shows  a  more  rapid  rate  of  increase  in  loudness  than  the 
normal  ear.  A  person  with  recruitment  also  experiences  extreme  annoy¬ 
ance  for  loud  sounds  and  a  decreased  range  of  sound  levels  that  are 
comfortable  for  listening. 

In  1948,  Dix,  Hallpike,  and  Hood  demonstrated  that  the  recruitment 
phenomenon  was  limited  to  cases  of  cochlear  pathologies.  They  noted 
that  recruitment  very  seldom  occurred  in  persons  with  VIII  nerve  tumors 
while  recruitment  was  typically  seen  in  patients  with  Meniere's 
disease.  In  1950,  Mygind  suggested  that  the  recruitment  phenomenon  is 
indicative  of  structural  damage  to  the  cochlea  or  to  a  conduction  im¬ 
pairment  within  the  cochlea.  Harris  (1953)  supported  this  view  by 
noting  that  those  pathologies  showing  loudness  recruitment  involve  some 
mechanical  damage  within  the  cochlea  as  contrasted  to  a  strictly  neural 


dysfunction.  Thus,  although  the  specific  cause  of  recruitment  has  not 
yet  been  identified,  it  has  been  suggested  that  recruitment  is  a  patho¬ 
logical  manifestation  caused  by  structural  injury  to  the  cochlea 
(Harris,  1953;  Dix,  1965). 

It  has  been  known  for  some  time  that  recruitment  accompanies  noise- 
induced  PTS  (Hardford,  1967;  Graham,  1967).  The  question  of  how  useful 
recruitment  measurements  are  as  tools  for  predicting  noise- induced  PTS 
has  not  yet  been  answered.  In  regard  to  this  question,  a  study  re¬ 
ported  by  Bekesy  (I960)  is  of  interest.  After  unilateral  high  level 
pure  tone  exposure,  the  subject  demonstrated  TTS  as  well  as  loudness 
recruitment.  The  TTS  lasted  for  only  10  to  15  minutes;  however,  evi¬ 
dence  of  recruitment  persisted  for  the  remainder  of  the  experiment 
(over  one  month).  Thus  there  is  evidence  that  noise  exposure  can  give 
rise  to  loudness  recruitment  and  that  long  term  recruitment  can  develop 
following  a  noise  exposure  that  causes  only  brief  TTS  and  no  observable 
PTS.  It  appears,  therefore,  that  a  recruitment  measurement  may  have 
promise  as  an  indicator  of  noise- induced  hearing  change. 

A  study  completed  at  The  Pennsylvania  State  University  Environ¬ 
mental  Acoustics  Laboratory  investigated  tests  of  Temporary  Threshold 
Shift  (TTS)  and  Loudness  Discrimination  (LD)  change  following  hign 
level  sound  exposure  as  tools  for  early  detection  of  hearing  effects 
( Bienvenue  et  al.,  1976).  The  results  showed  that  the  ability  to  de¬ 
tect  changes  in  sound  levels  became  more  sensitive  following  brief  hign 
level  noise  exposure. 


The  change  in  LD  scores  following  noise  exposure 


was  more  stable  with  time  and  persisted  longer  than  the  TTS.  The  data 
also  suggested  that  LD  shift  could  be  measured  following  noise  expo¬ 
sures  that  are  too  brief  or  too  low  in  level  to  elicit  measurable  TTS. 
Thus,  in  some  cases  LD  shift  (LDS)  may  be  a  more  suitable  method  for 
identifying  noise-induced  hearing  change  than  TTS.  In  view  of  these 
findings,  development  and  evaluation  of  a  practical  and  sensitive  loud¬ 
ness  discrimination  test  procedure  is  warranted. 

iremer.t  of  Loudness  Recruitment 

Clinical  techniques  for  detecting  the  presence  of  loudness  recruit¬ 
ment  were  originally  based  upon  the  method  of  loudness  balancing.  In 
this  procedure,  a  patient  compares  the  loudness  of  a  tone  presented  at 
an  ear  that  shows  normal  hearing  with  a  tone  presented  at  an  ear  for 
whicn  tne  patient  has  an  impaired  hearing  threshold.  Loudness  compari¬ 
sons  are  performed  at  suprathreshold  levels  and  the  patient  is  in¬ 
structed  to  adjust  the  level  of  one  of  the  tones  until  it  matches  the 
loudness  of  the  other  tone.  The  tones  are  presented  alternately  so 
that  the  patient  can  listen  to  the  tones  independently  as  he  makes  his 
loudness  comparisons.  This  loudness  balancing  task  may  be  accomplished 
in  the  same  ear,  using  two  different  test  tone  frequencies  ((the  mon¬ 
aural  loudness  balance  (MLB);  Reger,  193b))  or  at  both  ears  with  the 
same  tone  frequency  in  each  ((Alternate  Binaural  Loudness  Balancing 
(ABL3);  Fowler,  1936'). 

The  ABLB  is  used  to  measure  recruitment  when  the  hearing  loss  is 
unilateral  1 wnen  one  ear  has  normal  nearing).  In  this  test  the  patient 
level  of  the  tone  presented  to  one  ear  (either  pathological 
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or  normal)  to  match  the  louaness  of  the  same  frequency  of  tone 
presented  to  the  opposite  ear.  In  the  absence  of  loudness  recruitment 
the  difference  in  hearing  level  between  the  ears  at  threshold  remains 
constant  as  the  sound  level  is  increased.  When  there  is  louaness 
recruiment,  however,  the  difference  in  hearing  level  setting  between 
the  normal  ear  and  the  hearing  impaired  ear  diminishes  as  the  stimulus 
level  is  increased. 

The  MLB  is  used  when  it  can  be  assumed  that  hearing  in  an  ear  at  a 
particular  frequency  is  normal.  This  test  is  performed  in  a  manner 
similar  to  the  ABL3.  However,  instead  of  balancing  the  louaness  of  two 
tones  of  identical  frequency  when  presented  to  opposite  ears,  the 
patient  balances  two  tones  of  different  frequency  presented  to  the  same 
ear . 

There  is  a  serious  problem  with  both  of  these  tests  of  recruitment 
when  examining  a  noise-exposed  population.  The  ABLB  requires  that  the 
patient  have  one  normal  ear,  but  a  noise-induced  hearing  loss  is  typi¬ 
cally  a  bilateral  condition.  Even  in  the  rare  case  where  only  one  ear 
shows  a  threshold  hearing  loss,  the  assumption  that  the  noise  exposure 
did  not  have  any  affect  on  the  presumably  normal  ear  is  questionable 
because  both  ears  were  exposed  to  the  noise.  Thus,  application  of  the 
ABLB  to  the  noise-exposed  population  requires  that  the  tester  make 
assumptions  that  are  not  only  untestable  but  also  unlikely.  The  ML3 
requires  normal  hearing  at  one  frequency  and,  consequently,  it  can  be 
used  only  in  cases  with  frequency  specific  bilateral  hearing  loss. 
Unfortunately,  hearing  impairment  resulting  from  noise  exposure  may 
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ultimately  affect  most  of  the  frequency  range  of  hearing  (Sataloff  et 
ai.,  1969;  Gallo  and  Glorig,  1964).  In  the  I960  Bekesy  experiment  pre¬ 
viously  mentioned,  it  was  shown  that  recruitment  may  occur  following 
noise  exposure  even  when  no  threshold  shift  can  be  measured.  Thus,  it 
cannot  be  assumed  that  an  ear  demonstrating  a  normal  hearing  threshold 
at  a  specific  frequency  has  normal  loudness  perception  of  discrimina¬ 
tion  at  that  frequency. 

In  summary,  neither  the  ABLB  nor  the  MLB  tests  are  suitable  for 
measuring  recruitment  in  the  noise  exposed  population.  Because  these 
airect  tests  of  recruitment  have  limitations  for  use  with  the  noise 
exposed  population,  a  loudness  discrimination  test  (i.e.,  an  indirect 
test  of  recruitment)  is  better  for  this  purpose. 


Measurement  Loudness  .Discrlminatt..on 

The  loudness  difference  iimen  (D L)  refers  to  the  smallest  change  in 
the  intensity  of  a  signal  which  the  ear  can  detect.  Two  basic  stimulus 
presentation  methods  have  been  used  for  measuring  the  difference  Iimen: 
(1)  the  comparison  of  a  test  tone,  which  is  varied  in  intensity,  with  a 
fixed  reference  tone  separated  from  the  test  tone  by  a  silent  interval 
(Dimmick  and  Olson,  1941;  Denes  and  Nauton,  1950),  and  (2)  the  detec¬ 
tion  of  an  amplitude  modulation  of  a  given  single  tone  (Riesz,  1926; 
Luscher  and  Zwislocki,  1949).  (The  SISI  test  procedure  developed  m 
1959  will  be  discussed  later.)  Luscher  (1957)  pointed  out  that  these 
two  methods  may  be  measuring  two  distinct  kinds  of  difference  Iimen. 

He  described  studies  by  Pirodda  and  Zwislocki  (1952!  showing  a  posi¬ 
tive  correlation  between  the  two  measures  of  difference  iimen  by  the 
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amplitude  modulation  method  and  criterion  measures  of  loudness 
recruitment.  When  the  DL  is  used  as  a  measure  of  recruitment,  the  DL 
of  a  patient  is  compared  to  a  normal  loudness  difference  limen.  Much 
work  has  been  done  in  trying  to  establish  a  criterion  size  for  the 
normal  difference  limen.  Thus,  if  a  patient's  difference  limen  is 
smaller  than  normal,  it  would  be  concluded  that  he  suffers  from 
loudness  recruitment.  Although  Hirsh,  Paiva,  and  Goodman  (195*0 
observed  that  there  is  too  much  overlap  in  DL  size  between  recruiting 
and  nonrecruiting  listeners  to  use  difference  limen  to  differentiate 
between  these  two  groups,  researchers  found  that  the  DL  test  has  a  high 
correlation  with  the  results  of  loudness  balancing  tests  of  recruitment 
in  monauraily  impaired  listeners  (Jerger,  1561;  Owens,  1965;  Xanig, 

19621  . 

The  SI3I  Test 

In  1959,  Jerger,  Sheda ,  and  Harford  developed  the  short  increment 
sensitivity  index  ( SIS I )  as  an  approach  to  measuring  the  ear's  ability 
to  detect  small  intensity  changes,  although  they  preferred  not  to  call 
the  phenomenon  recruitment.  In  the  SIS1  test,  a  pure  tone  is  presented 
to  one  ear  of  a  subject  at  a  20  aB  SL.  A  small  increase  in  intensity 
is  superimposed  upon  the  steady-state  tone  at  5-second  intervals.  The 
size  of  this  increment  is  varied  from  5  dB  to  1  dB  in  2  dB  steps. 

There  is  general  agreement  that  in  the  high  frequencies,  the  SISI  test 
presented  at  20  aB  SL  appears  effectively  to  aif ferentiate  between 
patients  with  a  cochlear  lesion  and  normal  hearing  patients. 
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Jerger  (1962)  found  chat  the  ability  to  detect  small  changes  in 
loudness  is  peculiar  to  disorders  of  the  cochlea. 

The  SI31  test  is  obviously  different  from  the  DL  test  of  Lascher 
and  Zwislocki  because  the  patient’s  precise  difference  limen  for 
intensity  (DLI)  is  not  explored.  The  measurement  of  the  DLI  is  con¬ 
sidered  to  be  an  indirect  test  of  recruitment.  Because  the  3ISI  is  a 
modification  of  the  DLI,  the  SISI  was  assumed  to  also  be  an  indirect 
test  for  recruitment. 

Martin  and  Saios  (1970)  conducted  a  study  on  subjects  with 
unilateral  cochlear  pathologies.  Their  findings  suggested  that  when 
the  3131  test  is  performed  at  55  to  55  dB  SPL  in  either  normal  or 
cccniear  impaired  ears,  a  nigh  score  results.  This  study  effectively 
demonstrated  that  the  SISI  is  not  an  indirect  test  for  abnormal 
recruitment.  However,  the  SISI  can  be  considered  a  direct  test  of  the 
ear's  ability  to  detect  small  .intensity  changes  at  suprathresnold 
levels.  The  3IS1  test  has  been  used  in  many  clinics  as  part  of  a 
differential  diagnosis  test  battery  to  identify  patients  with  cochlear 
lesions,  a  probably  valid  and  helpful  function.  Thus  the  equipment  is 
available  and  most  audiologists  are  familiar  with  the  test  procedures. 

STATEMENT  GF  THE  PROBLEM 

Marked  individual  variations  in  noise  susceptibility  make  it  diffi¬ 
cult  to  establish  an  effective  hearing  conservation  program.  At  the 
present  time,  there  are  no  practical  and  accurate  procedures  that  are 
used  to  determine  noise-susceptible  persons  before  the  development  of 
significant,  permanent  hearing  impairments.  Thus, 


is  appropriate  to 
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investigate  test  procedures  that  may  be  sensitive  to  noise-induced 
hearing  changes  other  than  those  reflected  by  threshold  measures  and 
that  possibly  occur  prior  to  the  development  of  a  permanent  loss;  a 
measurement  of  the  loudness  function  appears  promising. 


The  evaluation  will  be  for: 

1?  Clinical  feasibility  of  the  procedure  (e.g.,  test  time, 
ease  of  administration,  equipment  needed  and  ease  of 
interpretation) . 

2)  Reliability  of  a  loudness  discrimination  test. 

3)  Response  to  a  loudness  discrimination  test  as  a  function 
of  spectrum  of  the  noise  exposure. 

4)  Relationship  between  temporary  noise- induced  changes  in 
loudness  discrimination  and  temporary  noise- induced  change 
in  threshold. 

The  project  involved  three  sequential  and  cumulative  experiments. 
The  first  two  are  to  be  considered  pilot  studies  for  the  third  experi¬ 
ment.  A  LD  procedure  based  on  the  finding  of  these  three  experiments 
is  presented  (Appendix  C) ,  along  with  suggested  acceptance  criteria  for 
its  clinical  use  and  reliability  measures. 


CHAPTER  II 


EXPERIMENT  I:  PILOT  STUDX  FOR  LDI  TEST  PROCEDURE 


Objectives 

Experiment  I  was  conducted  to  determine  the  following: 

a)  Usefulness  of  the  instrumentation  necessary  to  measure  the  LD 
function. 

b)  The  size  of  the  increment  magnitudes  for  the  LD  test. 

c)  The  time  required  to  obtain  an  LD  measure. 

d)  The  requirement  for  the  subject  to  acclimate  to  the  change  in 
increment  magnitude. 

Six  males  and  four  females  with  normal  hearing  sensitivity  were 
selected  from  the  The  Pennsylvania  State  University  Environmental 
Acoustics  Laboratory  listeners  pool  as  subjects  in  this  experiment. 

Ail  were  between  20  and  35  years  of  age,  had  normal  hearing,  and  were 
trained  and  experienced  listeners  for  psychophysical  listening  experi¬ 
ments  conducted  by  the  Laboratory. 


Procedure 

A  loudness  discrimination  (LD)  measure  was  obtained  on  these  ten 
subjects  using  the  following  procedure.  The  listener  was  instructed 
that  he/she  would  hear  a  continuous  tone  that  would  grow  in  loudness 
periodically  for  a  brief  instant.  The  subject  was  told  to  signal  the 
tester  by  raising  his/her  hand  when  this  increment  in  loudness  of  the 
sound  was  heard.  The  subjects  were  further  advised  that  the  relative) 


18 


large  increments  heard  at  first  would  decrease  in  magnitude  and, 
eventually,  the  increments  in  the  sound  might  resemble  a  warble  tone. 
The  subject  was  told  chat  these  warble  tones  would  finally  disappear 
and  sound  like  a  steady-state  tone. 

A  4000  Hz  tone  was  presented  to  one  ear  of  the  subject  at  a  level 
of  50  dB  HL  from  a  Beltone  SISI  adapter  that  was  modified  to  produce 
increments  in  the  tone  of  0.5,  0.75,  1.0,  1.5,  2.0,  and  3.0  dB.  Each 
increment  had  a  50  msec  rise  and  fail  time  with  a  plateau  duration  of 
200  msec.  These  increments  were  presented  at  five-second  intervals. 

The  subjects  were  presented  with  ten  test  items  at  each  of  the  sax 
increment  magnitudes.  That  is,  each  subject  was  first  presented  ten 
increments  (one  every  five  seconds)  of  3.0  dB  and  the  percentage  of 
increments  correctly  identified  was  recorded.  The  SISI  adapter  was 
switched  to  produce  increment  of  2.0  dB,  ten  more  items  were  pre¬ 
sented,  and  the  percentage  of. correct  responses  was  recorded.  This 
procedure  was  repeated  with  each  increment  magnitude  in  descending 
order  until  ten  increments  of  0.5  dB  were  presented. 

The  following  general  results  were  obtained;  formal  tabular  pres¬ 
entation  of  the  test  scores  does  not  seem  necessary  because  of  the  very 
preliminary  nature  of  this  first  study.  The  implication  of  each  result 
for  the  next  study  is  given. 

Several  subjects  were  able  to  identify  some  of  the  increments  at 
the  0.5  dB  magnitude.  Thus,  the  smallest  increment  magnitude  used  was 
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too  large  to  obtain  a  zero  response  level.  The  LD  function  cannot  be 
completely  characterized  unless  smaller  increment  magnitudes  are 
available  to  test  subjects. 

LD  scores  between  0%  and  100%  were  usually  obtained  at  only  three 
of  the  test  increment  magnitudes  on  a  subject  (i.e.,  0.5,  0.75,  and 
1.0  dB) ,  and  ceiling  effects  were  noted  at  other  increment  magnitudes. 
For  example,  if  the  subject  could  hear  100%  of  the  increments  at  a 
magnitude  of  1.0  dB,  he/ she  was  also  able  to  identify  all  the 
presentation  at  magnitudes  1.5,  2.0,  and  3-3  dB.  When  multiple  LD 
functions  are  to  be  collected  on  a  subject,  test  time  could  be  reduced 
if  the  number  of  increments  examined  could  be  reduced.  Because  the 
increment  magnitudes  were  present  in  descending  order  (3.0  dB  through 
0.5  do',  the  test  time  could  be  reduced  by  starting  the  LD  test,  for 
the  second  run,  at  the  smallest  increment  magnitude  that  the  subject 
identified  100%  of  the  time  on  the  previous  run.  However,  the 
subject's  complete  LD  function  must  be  measured  before  this  starting 
point  can  be  determined. 

Further  time  could  be  saved  if  the  tests  were  stopped  after  the 
first  increment  magnitude  that  failed  to  elicit  a  response.  Increment 
magnitudes  of  0.5  dB  were  too  small  for  some  subjects  to  detect  and 
thus  it  can  be  inferred  that  they  would  not  be  able  to  identify  changes 
in  loudness  of  less  than  0.5  dB.  Consequently,  it  would  not  be 
necessary  to  test  these  subject's  responses  to  increments  smaller  than 
0.5  dB  on  that  test  run. 

In  this  study,  approximately  six  minutes  were  required  to  obtain  a 
single  LD  function.  If  the  test  time  were  decreased  by  implementing 
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the  procedural  changes  mentioned  above,  it  might  be  possible  to 
administer  multiple  LD  test  in  one  sitting  rather  than  to  give  the 
subject  a  rest  break  after  each  test  run,  as  was  done. 

Several  item  presentations  were  required  for  the  subject  to  get 
acclimated  to  listening  to  the  increment  magnitude  each  time  the 
magnitude  was  decreased.  For  example,  when  the  increment  magnitude 
size  was  changed  from  1.5  dB  to  1.0  dB,  the  subject  may  have  missed  the 
first  three  presentations  and  then  may  have  identified  the  next  seven 
presentations  correctly  to  obtain  a  score  of  70®.  If  an  additional 
three  increments  were  presented  at  the  1.0  dB  magnitude,  this  subject 
would  probably  have  been  able  to  identify  them.  Thus,  a  100%  score 
would  most  accurately  reflect  the  actual  ability  to  detect  increments 
of  a  1.0  dB  magnitude.  To  eliminate  this  acclimation  problem  in  future 
studies,  the  subjects  should  be  presented  with  practice  increments  at 
each  magnitude  followed  by  the  test  items.  The  percentage  of  items 
correctly  identified  within  the  count  period  (last  ten  items)  should  be 
recorded  as  the  score  for  the  increment  magnitude.  This  procedural 
change  should  provide  for  acclimation  and  minimize  the  actual  test  time 
used  in  future  experiments. 

£ansiusi  aaa 

Some  subjects  had  difficulty  initially  becoming  aware  of  the 
changes  in  loudness  early  in  the  test.  To  account  for  learning 
effects,  a  Loudness  Discrimination  training  session  would  be  helpful 
before  experimental  data  collection. 


21 


The  experimentor' s  impression  is  that  the  timing  of  the  increment 
presentations  should  be  changed  from  one  presentation  every  five 
seconds  to  a  randomized  time  sequence.  This  modification  should  reduce 
the  chance  of  subjects  correctly  guessing  when  an  increment  would  be 
presented  and  giving  a  false  response.  The  anticipation  of  when  a  test 
stimulus  was  about  to  occur  was  observed  in  several  subjects. 

Based  on  the  information  obtained  in  Experiment  I,  it  was  concluded 
that  the  following  modifications  in  data  collection  procedures  should 
be  made: 

1 )  The  presentation  of  the  increments  should  be  separated  by 
time  intervals  that  randomly  vary  between  2.5  and  5  seconds. 

2)  The  range  in  size  of  the  increment  magnitudes  should  extend 
to  less  than  0.5  dB. 

3)  A  practice  LD  function  should  precede  actual  data  collection. 

4)  The  test  time  shouid.be  shortened  by  eliminating  increment 
sizes  obviously  producing  Oh  or  100i  after  such  a  score  is 
obtained  on  a  subject  for  a  given  increment  size. 

5)  Up  to  five  practice  increments  at  each  magnitude  should  be 
presented  if  necessary  before  the  subject's  responses  are 


recorded . 


CHAPTER  III 


EXPERIMENT  II:  PILOT  STUDY  FOR  LD  GROWTH  TEST  PROCEDURE 


Qt?.1ec;,iYes 

Experiment  II  investigated  the  feasibility  of  measuring  the  growth 
of  LD  shift  following  short  exposure  to  high  levels  of  sound.  The  gen¬ 
eral  plan  was  to  obtain  an  LD  measure,  expose  the  subjects  to  a  noise, 
and  immediately  obtain  an  LD  post-exposure  measure  and  threshold.  The 
subjects  were  then  exposed  to  a  louder  noise,  followed  immediately  by 
an  LD  ana  threshold  measure.  This  noise  exposure/post-test  paradigm 
continued  over  a  range  of  noise  exposure  levels.  In  this  type  of  test, 
the  suoject's  post-exposure  change  in  LD  function  (LD  growth)  and 
threshold  shift  can  be  charted.  The  subjects  for  this  experiment  con¬ 
sisted  of  14  females  ana  6  males  under  35  years  selected  from  the 
Environmental  Acoustics  Laooratory  listening  pool  by  randomly  choosing 
names  until  20  willing  listeners  were  obtained. 

Procedure 

In  this  experiment,  each  subject's  history  of  noise  exposure  was 
obtained  ising  the  case  history  shown  in  Appendix  A.  The  case  history 
data  were  jsed  to  classify  the  subjects  into  two  groups  (noise-exposed 
and  non-noise-exposed; .  If  the  subjects  answered  yes  to  questions  4, 
15,  or  16  or  had  a  noisy  second  job  and/or  hobby,  he  was  classified  as 
noise-exposed.  The  LD  information  was  analyzed  for  each  group. 
Thresnolds  were  obtained  on  all  subjects  at  octaves  250  Hz  through 
oGOO  Hz  to  insure  that  ail  subjects  had  normal  hearing  ( thresholds 


20  dB  or  better).  An  LD  function  was  obtained  in  one  ear  (randomly 
selected)  of  each  of  the  20  subjects  at  4000  Hz.  All  the  exposures  and 
tests  in  this  experiment  were  presented  to  the  same  ear  of  a  subject, 
designated  as  the  test  ear.  The  LD  function  was  measured  at  50  dB  HL 
using  increments  of  3.0,  2.0,  1.5,  1.0,  0.3,  0.6,  0.4,  0.2,  and  0.1  dB 
magnitude.  The  number  of  test  stimuli  identified  for  a  given  increment 
magnitude  was  recorded  beginning  with  3.0  dB  and  working  down  sequen¬ 
tially  until  the  subject  was  unable  to  identify  any  of  the  increments 
at  a  given  magnitude.  This  LD  test  procedure  was  performed  twice  be¬ 
fore  the  noise  exposure.  The  first  LD  test  was  used  as  a  training 
session,  ana  the  second  LD  test  was  recorded  as  the  pre-test. 

The  method  used  to  score  the  LD  function  was  based  on  the  revised 
procedure  advocated  in  the  previous  experiment.  That  is,  up  to  five 
test  items  were  presented  in  a  practice  session  at  each  increment 
magnitude.  The  recording  of  responses  began  with  the  first  increment 
that  the  subject  correctly  identified  within  the  first  five,  or  with 
the  sixth  item  if  none  of  the  first  five  were  identified.  A  total  of 
ten  test  items  was  presented,  at  each  increment  magnitude,  beginning 
with  the  first  response  counted.  The  number  of  test  items  (of  ten) 
correctly  identified,  at  each  increment  magnitude,  was  recorded. 

Following  this  LD  measure,  the  subject  was  exposed  to  a  2000  Hz 
tone  at  80  dB  for  five  minutes  in  the  test  ear.  Immediately  after  this 
exposure,  the  subject's  LD  functions  was  again  recorded  at  4000  Hz 
using  the  same  presentation  levels  that  were  used  in  the  pre-exposure 
test.  The  post-exposure  test  began  with  the  smallest  increment 
magnitude  at  which  the  subject  had  obtained  a  1 00 >  score  on  the 
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previous  test.  Following  the  LD  measure  (completed  approximately  three 
minutes  post-exposure),  the  subject's  threshold  at  4000  Hz  was  obtained 
(lowest  level  for  two  out  of  three  responses,  ascending  only  tech¬ 
nique).  The  sound  exposure,  the  LD  function,  and  threshold  were 
repeated  five  times  in  one  session,  with  an  increase  in  the  exposure 
level  of  5  dB  for  each  trial  until  an  exposure  of  105  dB  was  reached. 
Thus,  the  LD  test  was  administered  to  every  subject  after  sound 
exposure  levels  of  80  dB,  85  dB,  90  dB,  95  dB,  100  dB,  and  105  dB.  To 
avoid  complicating  effects  of  exposure  to  high  level  sounds,  such  as 
large  temporary  threshold  shifts  and  tinnitus,  15-minute  breaks  were 
taken  after  the  LD  measurements  obtained  following  the  95  dB  and  100  d5 
exposure  tones.  After  at  least  24  hours  post-exposure,  the  pre-test  LD 
sequence  was  repeated  on  the  test  ear  of  each  subject. 

The  test  procedure  in  this  experiment  was  set  up  in  accordance  with 
the  Table  1  format  (for  the  sound  exposure  condition). 

Results 

The  information  obtained  in  this  second  experiment  was  analyzed  in 
the  following  manner.  The  pre-exposure  threshold  value  at  4000  Hz  was 
subtracted  from  the  post-exposure  threshold  value  at  4000  Hz  to  obtain 
a  temporary  threshold  shift  (TTS)  measure  for  each  exposure  level,  and 
the  mean  dB  shift  across  the  20  subjects  was  calculated.  The  LD  shift 
scores  (LDS)  were  calculated  by  subtracting  the  pre-exposure  LD  scores 
from  the  post-exposure  LD  scores  at  each  respective  increment  magnitude 
and  for  each  exposure  level.  The  LD  shift  scores  were  then  analyzed  in 
terms  of  the  mean  change  (across  the  20  subjects)  at  each  increment 


Table  1.  Experiment  II  Test  Procedure 
for  the  Sound  Exposure  Condition 


Exposure  Tests  Done 


2K 

Hz 

tone 

for 

5  min  at 

80 

dB 

LD 

at 

4K 

Hz 

and 

threshold 

at 

4.K  H 

2X 

Hz 

tone 

for 

5  min  at 

35 

dB 

LD 

at 

4K 

Hz 

s.nd 

threshold 

at 

4K  K 

2X 

Hz 

tone 

for 

5  min  at 

90 

dB 

LD 

at 

4K 

Hz 

ana 

tnreshold 

ar 

H 

2X 

Hz 

cone 

for 

5  min  at 

95 

dE 

LD 

at 

4K 

Hz 

and 

tnreshoid 

at 

4X  H 

15 

mi 

nute 

rest 

period 

2X 

Hz 

tone 

for 

5  min  at 

100  dB 

LD 

at 

4K 

Hz 

and 

threshold 

at 

4K  H 

15 

minute 

rest 

per iod 

2K  Ho  tone  for  5  min  at  105  dB 


LD  at  4K  Hz  and  threshold  at  4K  H 


26 


magnitude  for  each  exposure  level.  At  increment  magnitudes  of  2.0  aB 
and  3.0  dB,  all  subjects  obtained  an  L D  score  of  100$  for  both  the  pre- 
and  post-exposure  LD  test;  the  3.0  dB  increment  magnitude  was  discarded 
as  a  redundant  measure  that  provided  no  additional  information,  and  a 
total  of  48  means  was  analyzed  (eight  increment  magnitudes  over  the  six 

exposure  levels).  If  a  subject  was  not  tested,  for  example,  at  the  2 

dB  increment  because  previously  he  had  obtained  a  score  of  100$  at  that 

level  as  well  as  the  next  smaller  LD  level,  the  score  for  2  dB  was 

taken  to  be  100$. 

The  LD  Index  (LDI)  was  also  examined  in  this  analysis.  The  LDI  is 
the  largest  LD  shift  observed  following  a  given  exposure  level  for  any 
of  the  increment  magnitudes.  Specifically,  tr.e  number  of  increments 
(out  of  ten)  correctly  identified  was  recorded  for  each  subject  at  each 
increment  magnitude  for  the  pre-exposure  data  and  post-exposure  data. 

The  pre-exposure  data  was  subtracted  from  each  exposure  level  at  every 
increment  magnitude.  The  largest  difference  score  that  appeared  for  J 

each  subject  at  each  exposure  level  was  considered  that  subject's  J. 
for  the  respective  exposure  level.  The  LDI  is  a  desirable  parameter 
because  it  avoids  the  problem  of  specifying  a  particular  LD  increment 
magnitude.  That  is,  some  subjects  may  experience  their  highest  LD 
snifts  at  large  increment  magnitudes,  while  others  wi..  show  tr.eir 
largest  LD  shifts  at  small  increment  magnitudes.  The  LDI  can  be  con¬ 
sidered  the  most  sensitive  measure  of  change  in  the  LD  function  beca  ise 
it  represents  the  largest  LD  snift  that  occurred,  regardless  of  the 
increment  magnitude  at  wnich  it  occ  irred.  Thus,  the  LDa  va.ue  was  co- 
taiaed  to  minimize  data  variance  introduced  dv  individual  differences 
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in  baseline  LD  functions  and  to  avoid  the  problem  of  specifying  a 
particular  LD  increment  magnitude. 

The  data  were  analyzed  first  in  a  two-way  analysis  of  variance. 

This  experiment  has  a  two-factor  repeated  measures  design  with  eight 
levels  of  the  increment  magnitude  factor  and  six  levels  of  the  exposure 
level  factor.  The  data  entered  into  the  ceils  of  this  analysis  were 
LDS  data. 

The  approach  to  the  analysis  of  variance  is  that  recommended  by 
Myers  l'1972j  for  a  repeated-measures  design.  Myers  identified  the 
mean-square  for  a  given  main  effect  as  containing  the  variability  due 
to  error  of  measurement,  the  variability  due  to  the  interaction  of  the 
factor  being  tested  with  subjects,  and  the  variability  due  to  the  mean 
factor  being  tested.  This  is  accomplished  by  combining  data  across 
other  factors  in  the  design.  An  error  term  is  used  to  test  the  signif¬ 
icance  of  the  main  factor  effect  by  performing  an  F  test.  The  error 
term  contains  the  variability  due  to  error  of  measurement  and  the 
variability  due  to  tr.e  interaction  of  the  factor  being  tested  with  sub¬ 
jects.  Note  that  one  component  of  the  error  term  is  the  interaction  of 
the  factor  being  tested  with  subjects.  For  this  reason,  the  error  term 
used  to  test  eacn  factor  in  the  analysis  varies  with  the  factor  being 
tested,  leading  to  a  different  error  term  for  each  F  ratio.  The  same 
approach  is  jsed  in  testing  interactions.  In  this  case,  the  error  term 
is  cerived  from  the  combination  of  the  individual  subject  variability 
ana  the  interaction  of  subjects  with  the  main  factors  being  examined. 
For  more  complex,  repeated-measures  design,  the  same  approach  is  used 
bit  it  is  expanded  to  incl  ide  more  main  factors. 
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The  results  of  this  analysis  are  shown  in  Table  2. 

There  was  a  significant  exposure  level  by  increment  magnitude 
interaction  (ELxIM) .  This  interaction  is  due  to  the  structure  of  the 
LD  growth  test.  Specifically,  at  large  increment  magnitudes,  subjects 
identified  most  of  the  test  items  in  the  pre-test  as  well  as  the  post¬ 
test,  resulting  in  small  LD3  scores.  This  same  type  of  ceiling  effect 
occurred  at  the  small  increment  magnitudes  where  the  subjects  missed 
most  of  the  test  items  in  the  pre-test  and  post-test.  In  the  mid-range 
increment  magnitudes,  the  subject  LDS  increased  as  the  exposure  sound 
increased.  Thus,  as  the  exposure  sound  increased,  the  subjects  showed 
small  IDS  for  the  large  increment  magnitudes,  iarge  LDS  for  the  mid- 
range  increment  magnitudes,  and  small  LDS  for  the  smail  increment  mag¬ 
nitudes.  This  resulted  in  an  ELxIM  interaction. 

The  F  ratio  for  the  EL  factor  indicated  that  there  was  a  signifi¬ 
cant  shift  in  the  LDS  function  across  exposure  levels;  the  LDS  pooled 
across  the  increment  magnitudes  increased  significantly  as  the  exposure 
level  was  increased. 

The  F  ratio  for  the  IM  factor  was  also  significant.  When  the  data 
for  the  respective  increment  magnitudes  were  pooled  across  all  the  ex¬ 
posure  levels,  the  LDS  scores  changed  significantly  across  tne  differ¬ 
ent  increment  magnitudes. 

A  Newraan-Keuls  follow-up  test  of  minimal  differences  was  performed 
on  the  main  effects  of  the  exposure  level  factor  to  determine  the  low¬ 
est  exposure  which  resulted  in  the  significant  shift.  The  results  of 
this  analysis  are  snown  in  Taole  j.  Using  Duncan's  underlining  tech¬ 
nique  '’’255),  the  means  that  ar**  maer lined  are  not  significantly 
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Table  2.  Analysis  of  Variance  Summary  Table  for  Experiment  II: 
Difference  Limen  Shift  Data  with  Factors  of 
Increment  Magnitude  (N8)  and  Exposure  Level  (No) 
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Table  3.  Mean  LDS  Scores  Following  a  Five-Minute  2000  Hz  Expo 
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different  from  one  another  at  the  .05  level.  The  mean  LD  shift  scores 
listed  in  Table  3  were  pooled  across  the  20  subjects  and  across  ail  the 
increment  magnitudes.  The  first  significant  difference  in  LDS  scores 
occurred  following  the  90  dS  exposure.  Mote  that  the  means  in  Taoie  3 
are  listed  in  ascending  value  and  not  according  to  the  exposure  level. 
The  general  trend  of  the  mean  LD  shift  scores  shows  an  increase  in  the 
mean  LD  shift  scores  as  the  level  of  the  exposure  sound  is  increased. 
The  mean  LD  shift  score  decreases  from  the  95  dB  exposure  to  the  100  dB 
exposure;  however,  this  decrease  is  not  a  significant  change  'not  sig¬ 
nificant  at  0.05). 

A  one- factor  analysis  of  variance  was  calculated  on  the  LD  Index 
(LDI)  data  at  each  exposure  level.  As  previously  noted,  the  LDI  is  the 
largest  LD  shift  observed  for  any  of  the  increment  magnituces.  A  sum¬ 
mary  of  the  results  of  this  analysis  is  shown  in  Table  4. 

The  ?  ratio  was  significant  at  the  0.001  level  indicating  that 
there  is  also  a  significant  change  in  the  LDI  shift  score  (across  the 
20  subjects;  when  the  LDI  data  were  used.  A  Newman-rCeuis  test  was  usea 
to  examine  the  main  effect  of  LDI  data.  The  results  of  this  follow-up 
test  are  shown  in  Table  5  employing  Duncan's  underlying  technique. 

The  first  significant  shift  in  the  LD  function  occurred  following 
the  55  dB  exposure  noise  when  the  LDI  data  are  used.  Thus,  the  LDI 
data  indicate  a  significant  change  at  a  lower  exposure  level  than  the 
LDS  data  averaged  across  the  increment  magnitudes. 

The  TTS  data  following  each  exposure  level  were  also  analysed  in  a 
one  factor  analysis  of  variance.  The  results  of  tne  calculation  is 
shown  in  Table  o.  There  is  a  significant  F  ratio.  As  exposure  level 
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Table  5.  Mean  LDI  Scores  Following  2000  Hz  Exposure 


Mean  LDI 


.666  1.905  2.476  3.236  3-000  3-952 


Values  connected  by  underline  are  not  significantly  different  from 
each  other  at  0.05. 


Table  6.  Experiment  II:  Analysis  of  Variance  Summary  Table; 
TTS  Data  Exposure  Level 
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increased,  there  was  a  significant  increase  in  the  TTS  score.  A 
Mevanan-Keuls  follow-up  test  was  performed  on  the  main  effect  of  expo¬ 
sure  level.  The  results  of  the  follow-up  test  are  shown  in  Table  7 
using  Duncan's  -underlining  'echnique.  The  lowest  exposure  ievei  that 
resulted  in  a  significant  TTS  was  95  dB.  This  is  a  higher  level  than 
that  which  induced  a  significant  LDI  shift. 

Based  on  the  information  obtained  in  the  case  history,  the  subjects 
were  divided  into  two  groups.  Seven  subjects  were  classified  as  noise 
exposed  and  thirteen  subjects  were  classified  as  non-noise-exposed.  A 
subject  was  classified  as  noise- exposed  if  a  yes  answer  was  given  to 


questions  4,  15  or  16  of  the  questionnaire  found  in  Appendix  A.  Also, 
if  the  subject  nad  a  second  job  or  hobby  that  involved  high  level  noise 
exposure  (questions  17  and  l 8 1 ,  he/she  was  classified  as  noise-exposed. 
The  LDI  data  obtained  on  the  noise-exposed  suDjects  and  the  r.on-noise- 
exposed  subjects  were  evaluated  in  an  Analysis  of  Variance.  This  was  a 
two- factor  design  with  two  levels  of  subject  type  ( noise-exposed  and 
non-noise-exposea)  and  six  levels  of  exposure  level  factor.  The  data 
entered  in  each  cell  of  this  analysis  were  LDI  information.  The 

results  of  this  analysis  are  summarized  in  Table  3. 

The  small  F  ratio  for  the  subject  type  factor  indicates  that  there 

was  not  a  significant  difference  across  the  two  levels  of  noise 
exposures  in  the  LDI  Detained  between  the  noise-exposed  subjects  and 
the  non- noise- ex posed  subjects.  A  similar  Analysis  of  Variance  was 


performed  on  the  TTS  data  obtained  on  the  two  groups  of 
results  of  this  analysis  are  summarized  in  Table  9.  The 
nao  a  nonsignificant  F  ratio,  indicating  no  significant 
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Table  7.  Mean  TTS  Following  2000  Hz  Exposure 
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Table  8.  Experiment  II:  Analysis  of  Variance  Summary  Table; 
LDI  Data  with  Factors  of  Subject  Type  (N2)  and  Exposure  Level  (N6 
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Error 

Within  Subjects 
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Table  9.  Experiment  II:  Analysis  of  Variance  Summary  Table; 

TTS  Data  with  Factors  of  Subject  Type  (N2)  and  Exposure  Level  (N6) 


Mean  Degrees  of 
Squares  Freedom 


F  Significance 
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between  the  performance  of  the  two  types  of  subjects  ' noise-exposed  and 
non-noise-exposed )  when  the  TTS  data  were  compared  across  the  six  sound 
exposure  levels. 


Conclusions 

The  results  reported  above  show  growth  in  TTS,  in  LD  shift  at  eacn 
increment  magitude  and  in  LDI  as  the  exposure  tone  was  increased  in 
level.  Specifically,  the  mean  LDI  (across  the  20  subjects)  showed  a 
significant  shift  (0.05  level)  from  the  pre-test  following  the  five- 
minute  exposure  at  55  d3.  The  LD  data  averaged  across  the  increment 
magnitudes  showed  a  significant  change  (0.05  level)  following  the  90  dE 
five-minute  noise  exposure.  The  TTS  data  iia  r.ot  shew  a  significant 
(0.05  level)  change  from  the  pre-test  data  util  a  five-minute  exposure 
of  55  d3  was  reached. 

There  was  no  significant  different  Between  the  .noise-exposed 
subjects  and  non- noise- exposed  subjects  on  either  the  TTS  or  LDI 
calculated  at  the  various  exposure  levels.  The  results  of  no 
difference  oetween  the  noise-exposed  and  non-noise-exposed  subjects 
could  lead  to  at  least  two  different  hypotheses.  The  first  is  that 
there  is  no  difference  in  the  performance  of  these  two  groups  on  the  LD 
test  or  TTS  test.  The  second  conclusion  is  that  the  case  history 
information  did  not  accurately  reflect  the  subjects'  previous  noise 
exposure  and  thus  the  subjects  were  not  properly  classified  as  being 
noise-exposed  or  non-noise-exposed.  The  case  history  information  was 
based  on  each  person's  subjective  evaluation  of  his  or  her  past  noise 


exposure  and  each  suDject  might  have  a  different  criterion  for  wnat 
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constitutes  a  noisy  situation. 

Several  procedural  problems  were  evident  in  this  experiment.  These 
proolems  include  measurement  difficulties  during  the  period  immediately 
following  the  exposure  sound.  That  is,  it  was  difficult  to  obtain 
accurate  LD  measurements  during  the  first  30  seconds  after  the  sound 
exposures  of  95  dB  and  higher.  Some  of  the  subjects  complained  that 
tinnitus  immediately  following  the  exposure  made  it  difficult  for  them 
to  concentrate  on  the  task.  At  these  high  levels,  some  of  tne  subjects 
initially  experienced  some  TTS  and  consequently,  the  sensation  level  of 
the  LD  test  was  considerably  less  than  in  pre-exposure  testing.  Be¬ 
cause  of  this  combination  of  proolems,  taking  the  LD  measure  snoula  oe 
delayed  until  some  specified  time  after  the  noise  exposure. 

A  significant  LDI  occurred  following  the  five-minute  exposure  at  55 
dB  5?L.  This  suggests  that  it  may  be  possible  to  work  at  lower  expo¬ 
sure  tone  levels  than  105  dB  to  obtain  the  LDI  change  effect.  This 
test  modification  would  cut  down  on  the  noise  hazard  and  discomfort 
experienced  by  exceptionally  sensitive  subjects. 

At  one-day  post-exposure,  all  the  subjects'  LD  scores  had  returned 
to  within  +.  two  responses  (out  of  ten)  of  the  pre-exposure  scores.  All 
subjects'  threshold  measures  had  also  returned  to  +p  dB  of  the  pre¬ 
exposure  values.  These  results  indicate  that  the  threshold  shifts  and 
LD  shifts  were  temporary  responses  to  high  level  noise  exposures. 


42 


CHAPTER  IV 

EXPERIMENT  III:  EVALUATION  OF  HOW  SPECTRUM  OF  NOISE 
AFFECTS  AN  LD  GROWTH  TEST 


Objectives 

A  review  of  the  curre  it  literature  and  the  results  of  the  pilot 
studies  reported  in  Chapters  II  and  III  suggest  that  measurable  changes 
in  loudness  discrimination  may  develop  following  exposure  to  high  level 
noise.  The  changes  in  loudness  discrimination  may  develop  in  the  ab¬ 
sence  of  a  permanent  threshold  shift  and  may  characterize  a  temporary 
noise- induced  hearing  impairment  that  is  different  from  a  threshold 

c  jn  -•  W**. 

Features  of  a  test  procedure  of  practical  value  in  hearing 
conservation  programs  are  that  it  must  require  little  testing  time,  be 
easy  to  administer,  require  minimal  instrumentation,  and  be  reliable, 
sensitive  and  valid.  The  LD  test  described  in  Experiment  II  will  be 
referred  to  as  the  LD  growth  test.  This  LD  growth  test  appears  to  be  a 
test  paradigm  that  will  meet  the  requirements  in  the  areas  of  testing 
time,  ease  of  administration,  and  instrumentation.  Further  research 
should  be  done  to  insure  that  the  LD  growth  procedure  is  a  sensitive 
and  reliaole  measure  of  the  difference  limen  shift.  Experiment  III 
will  evaluate  parameters  that  may  affect  the  sensitivity  of  the  LD 
procedure  3s  well  as  assess  the  reliability  of  the  measure.  The 
specific  parameters  are: 

a)  The  effects  of  the  spectral  content  of  the  noise  exposure  on 
the  sensitivity  of  the  LD  growth  measure. 

b'  The  reli.iDility  of  tne  LD  function. 


c)  The  effects  of  the  spectral  content  of  the  sound  exposure  on 
TTS  measure . 

d)  The  correlation  between  the  LD  growth  function  and  the  TTS 
function. 

A  parameter  of  the  LD  growth  test  that  may  affect  the  sensitivity 
of  the  measure  is  the  type  (spectral  content)  of  exposure  sound  used. 
The  effects  of  different  exposure  sounds  with  different  spectral  con¬ 
tent  should  be  investigated  in  a  LD  test.  For  this  experiment,  the 
types  of  exposure  sounds  were  broad  band  noise  and  2000  Hz  pure  tone. 
These  two  sounds  are  extremely  different  in  spectral  content,  so  that 
if  the  spectral  content  of  the  exposure  sound  affects  the  LDS,  there 
should  be  a  difference  between  the  LDS  measured  with  the  broad  band 
noise  and  the  pure  tone. 

The  reliability  of  the  LD  function  should  be  evaluated.  A  test 
that  employs  an  LD  measure  cannot  be  reliable  if  the  measure  itself  is 
not  repeatable. 

The  effect  of  different  levels  of  sound  exposure,  with  different 
spectral  content,  on  the  growth  of  TTS  measured  immediately  following 
cessation  of  brief  sound  exposures  was  examined  in  this  project,  using 
pure  tone  and  a  broad  band  noise.  It  can  be  assumed  that  if  the 
spectral  content  of  the  exposure  sound  affects  the  growth  of  TTS,  the 
use  of  sounds  with  very  different  spectra  should  demonstrate  this. 

The  shifts  in  the  loudness  function  and  in  thresholds  following 
high  level  sound  exposure  may  be  manifestations  of  two  different 
auditory  changes  that  result  from  noise  exposure.  If  the  correlation 


between  the  LDI  growth  and  TTS  growth  test  is  low,  this  hypothesis  of 
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independent  auditory  change  would  be  substantiated  and  would  give 
credence  to  the  use  of  these  two  tests  as  a  battery  for  the  diagnosis 
of  noise-susceptible  individuals. 

iixaa&Jagaas 

In  view  of  the  above,  this  third  experiment  was  done  to  test  the 
following  hypotheses: 

a)  There  is  a  significant  difference  in  the  LDS  and  in  the  LDI: 

1)  as  the  exposure  sound  is  increased  in  intensity, 

2)  as  the  size  of  the  LD  increment  magnitude  is 
increased,  and 

3)  for  broad  band  noise  vs.  pure  tone. 

b)  There  is  a  significant  difference  in  the  TTS  measure: 

1)  as  the  exposure  sound  is  increased  in  intensity,  and 

2)  for  broad  band  noise  vs.  pure  tone. 

c)  In  LDS  and  in  LDI,  there  is  an  interaction  between  increment 
magnitude  and  exposure  level. 

d)  There  is  a  nonsignificant  correlation  between  the  LDI  and 
TTS. 

SlliaiS&LS. 

Twelve  male  and  eighteen  female  subjects  between  the  ages  of  17  and 
30  participated  in  this  experiment.  Twenty  were  obtained  from  the  pool 
of  trained  listeners  used  in  audiolcgical  experiments  in  the  Environ¬ 
mental  Acoustics  Laboratory.  Ten  of  the  subjects  were  volunteers  from 
the  State  College,  PA  area  and  were  considered  untrained.  These 


untrained  subjects  were  familiarized  with  the  task  prior  to  the  actual 
collection  of  data.  All  subjects  were  found  to  have  thresholds  within 
normal  limits  (<20  dB  HL)  from  500  Hz  through  8000  Hz.  The  data  in 
this  experiment  were  collected  on  one  ear  of  each  subject.  The  right 
ear  was  used  for  all  subjects  unless  the  left  ear  showed  significantly 
better  thresholds.  The  same  30  subjects  were  used  in  both  Procedure  A 
and  Procedure  B  of  this  experiment. 

saalsagns. 

The  equipment  used  for  both  Procedure  A  and  Procedure  B  of  this 
experiment  is  diagrammed  in  Figure  1 . 

The  output  of  a  pink  noise  generator  was  fed  into  an  auxiliary 
input  of  a  Maico  MA-18  clinical  audiometer.  Pink  noise  was  selected 
for  use  as  the  broad  band  noise  in  this  experiment  because  it  is 
similar  to  noises  found  in  industrial  settings.  This  pink  noise 
provided  a  noise  source  that  had  equal  energy  per  octave  band  from  150 
Hz  through  10,000  Hz.  One  output  channel  of  the  audiometer  was  fed 
through  the  LD  test  unit  and  16  dB  attenuator  pad  to  a  TDH-39  earphone 
with  an  MX-41/AR  cushion  located  in  the  double-wail  audicmetric  subject 
test  room.  The  tester,  noise  generator,  audiometer,  and  attenuator  pad 
were  located  in  a  double-walled  control  room.  A  talk-back  system  was 
installed  to  enable  the  tester  to  hear  the  subject  in  the  test  room. 

The  LD  test  unit,  as  well  as  the  attenuation  pad,  could  be  selectively 
bypassed . 

The  LD  test  unit  was  designed  to  pass  tones  from  the  audiometer  to 
the  headphones  at  whatever  level  is  set  on  the  audiometer  and  randomly 
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(once  every  2-1/2  to  5  seconds)  produce  a  brief  increment  in  the  level 
of  the  continuous  tone  delivered  to  the  earphones.  Each  increment  has 
a  duration  of  200  msec,  with  50  msec,  rise  and  fall  times.  The  mag¬ 
nitudes  of  the  increments  could  be  selectively  varied  by  the  tester. 

The  LD  unit  could  be  set  automatically  to  produce  increments  of  3-0, 
2.0,  1.5,  0.8,  0.6,  0.4,  0.2,  or  0.1  dB  magnitude.  For  example,  when 
the  dial  was  set  at  3  dB,  a  50  dB  HL  tone  was  raised  periodically  to 
53  dB  for  approximately  200  msec.  These  increment  magnitudes  were 
separated  by  15  random  time  intervals  between  2.5  and  5  seconds.  These 
time  intervals  are  listed  in  Table  10. 

The  Maico  MA-18  clinical  audiometer  was  calibrated  to  the  ANSI 
(1969)  calibration  standard  for  normal  hearing. 

To  obtain  pure  tone  air  conduction  thresholds,  the  tone  and  fre¬ 
quency  selector  was  set  on  the  audiometer  with  the  output  selector  on 
tone,  the  LD  unit  was  bypassed ,  and  the  attenuator  pad  was  put  into  the 
system.  This  audiometer,  coupled  with  the  attenuation  pad,  provided 
for  attenuation  of  pure  tone  thresholds  below  all  of  the  subjects' 
thresholds.  Thus,  an  ascending  method  could  be  used  to  obtain 
thresholds . 

For  the  pink  noise  exposure,  the  audiometer  output  selector  was 
switched  to  tape,  and  the  LD  unit  and  attenuator  pad  were  bypassed. 

The  exposure  level  was  set  using  the  audiometer  attenuator  and 
VU  meter.  The  pink  noise  was  calibrated  with  a  B  4  5  2203  sound  level 
meter  and  artificial  ear  such  that  70  dB  on  the  audiometer  attenuator 
dial  read  80  dB(A)  SPL  on  the  sound  level  meter  with  the  VU  meter  set 


to  -7  dB.  The  hearing  level  attenuator  dial  was  linear  and  thus  all 
exposure  levels  were  set  respective  to  the  above  reference  values. 


The  system  was  set  up  in  a  similar  manner  for  the  pure  tone 
exposure.  The  continuous  tone  was  selected  on  the  audiometer  at  2000 
Hz.  The  DL  unit  and  attenuator  pad  were  bypassed,  and  the  signal  was 
fed  directly  to  the  earphones.  The  exposure  level  was  set  using  the 
attenuator  dial  of  the  audiometer  to  adjust  the  output  to  80,  85,  90, 
95,  or  100  dB  SPL  measured  with  a  B  4  K  2203  sound  level  meter  and 
artificial  ear. 

To  obtain  an  LD  function,  a  continuous  4000  Hz  tone  was  passed  from 
the  audiometer  through  the  DL  unit  and  attenuator  pad.  The  hearing 
level  dial  was  set  at  66  dB  HL  so  that  a  50  dB  HL  tone  was  produced  by 
the  earphones.  The  LD  increment  magnitude  was  selected  as  being  either 
3.0,  2.0,  1.5,  0.8,  0.6,  0.4,  0.2,  or  0.1  dB.  This  resulted  in  a  50  dB 
HL  4,000  Hz  continuous  tone  that  increased  a  selected  magnitude  at 
random  time  intervals  between  2.5  and  5  seconds. 

Procedure  A 

In  this  part  of  the  experiment,  data  were  collected  on  the  effects 
of  using  a  2000  Hz  pure  tone  exposure  in  an  LD  growth  test  procedure. 
Information  about  the  growth  of  TTS  following  brief  exposure  to  several 
sound  pressure  levels  of  a  2000  Hz  tone  was  also  obtained  in  this  sec¬ 
tion.  These  data,  along  with  the  data  collected  in  the  next  section, 
were  used  to  test  the  hypotheses  stated  earlier. 

Initially,  threshold  measures  were  obtained,  at  250,  500,  1000, 
2000,  4CC0,  and  8000  Hz,  on  the  30  subjects.  All  thresholds  were 
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obtained  using  5  dB  steps  and  an  ascending  approach.  The  criterion  for 
the  threshold  measure  was  the  least  sound  which  elicited  a  positive 
response  two  out  of  three  times. 

Each  subject's  baseline  LD  function  was  measured  using  the  revised 
test  procedure  based  upon  conclusions  developed  in  earlier  studies. 

The  LD  tests  were  performed  using  a  4000  Hz  tone  at  50  dB  HL  at  3.0, 
2.0,  1.5,  1.0,  0.8,  0.6,  0.4,  0.2,  and  0.1  dB  increment  magnitudes. 

The  signal  increments  were  presented  at  random  time  intervals  between 
2.5  and  5  seconds. 

The  LD  test  began  by  presenting  ten  practice  items  with  increments 
of  3.0  dB  to  familiarize  the  subject  with  the  task.  The  increment  mag¬ 
nitude  was  then  changed  to  2.0  dB  and  three  practice  increments  v 
presented.  The  actual  test  period  began  with  the  fourth  presentati 
at  the  2.0  dB  increment  magnitude  and  an  additional  nine  items  were 
presented  at  this  magnitude.  In  Experiment  II,  up  to  five  practice 
items  were  used  before  the  actual  test;  however,  it  was  felt  that 
three  practice  items  were  adequate  for  familiarizing  the  subject  at 
each  increment.  The  number  of  items  correctly  identified  out  of  the 
ten  test  presentations  was  recorded  as  the  subject's  response  at  that 
increment  magnitude.  The  LD  test  proceeded  through  each  of  the  incre¬ 
ment  magnitudes  (1.5,  1.0,  0.8,  0.6,  0.4,  0.2,  0.1),  in  descending 
order,  until  the  subject  was  'unable  to  identify  correctly  any  of  the 
ten  test  items  presented  at  an  increment  level.  At  each  increment 
magnitude  three  practice  presentations  preceded  the  ten-item  test 
period.  The  threshold  measure  and  LD  test  at  4000  Hz  made  up  the  pre- 
exposure  test  sequence. 
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Following  the  pre-exposure  test,  the  subjects  were  exposed  to  a 
2000  Hz  tone  at  75  dB  SPL  for  five  minutes  in  the  test  ear.  The 
subject's  threshold  at  4000  Hz  was  measured  within  the  first  30-second 
period  immediately  following  the  exposure  (TTS),  and  the  LD  function 
was  measured  at  50  dB  HL  and  4000  Hz.  This  post-exposure  LD  test  began 
with  the  smallest  increment  magnitude  at  which  the  subject  identified 
all  the  items  presented  in  the  LD  pre-exposure  test;  otherwise,  the 
same  test  procedure,  increment  magnitude  and  sequence  were  used  as  in 
the  pre-test.  This  LD  measure  followed  the  threshold  measure  at 
30  seconds  post-exposure  and  was  completed  at  approximately  3-1/2  min¬ 
utes  post-exposure. 

Following  these  measurements,  each  subject  was  exposed  to  a  2000  Hz 
tone  at  30  dB  SPL  for  five  minutes  after  which  the  same  threshold  TTS 
(30  sec.)  and  LD,  post-exposure  test  sequence  was  administered.  This 
procedure  was  repeated  five  times,  with  an  increase  in  the  exposure 
tone  of  5  dB  for  each  trial,  until  an  exposure  of  100  dB  was  reached  or 
until  a  20  dB  TTS  was  found  after  cessation  of  the  exposure.  The 
testing  for  each  subject  was  conducted  according  to  the  format  shown  in 
Table  1 1 . 


In  this  section,  data  were  collected  on  the  LD  growth  test  and  TTS 
following  brief  exposure  to  different  levels  of  a  broad  band  noise. 

The  same  30  subjects  used  in  Procedure  A  were  used  in  this  data  collec¬ 
tion  procedure.  The  experiment  was  conducted  in  a  manner  identical  to 
that  described  in  Procedure  A  with  the  exception  that  a  broad  band  pink 
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Table  11.  Test  Format  for  Procedure  A 


Test  Sequence 


2K  Hz  Tone  for  5  min  at  75  dB  /  threshold  at  4K  Hz  and  LD  at  aK  Hz 

2K  Hz  Tone  for  5  min  at  80  dB  /  threshold  at  4K  Hz  and  LD  at  4K  Hz 

2K  Hz  Tone  for  5  mm  at  85  dB  /  threshold  at  4K  Hz  and  LD  at  4K  Hz 

2 X  Hz  Tone  for  5  min  at  90  dB  /  thresnold  at  4K  Hz  and  LD  at  4K  Hz 

2K  Hz  Tone  for  5  min  at  95  dB  /  threshold  at  4K  Hz  and  LD  at  4K  Hz 

2K  Hz  Tone  for  5  mm  at  100  dB  /  threshold  at  4K  Hz  and  LD  at  4K  Hz 


noise  was  delivered  to  the  test  ear  of  the  subject  instead  of  a  2000  Hz 
pure  tone.  This  pink  noise  had  equal  energy  per  percentage  bandwidth 
from  20  Hz  through  15,000  Hz.  This  pink  noise  will  be  referred  to  as 
just  broad  band  noise  throughout  the  rest  of  this  study. 

In  summary,  Procedure  B  began  by  obtaining  a  threshold  and  an  LD 
function  at  4000  Hz  on  all  30  subjects.  This  pre-test  procedure  was 
identical  to  that  described  in  Procedure  A.  The  subjects  were  then 
exposed  to  a  broad  band  noise  at  75  dB(A)  for  five  minutes.  This 
exposure  was  followed  by  a  threshold  and  an  LD  function  obtained  using 
a  sequence  and  procedure  identical  to  that  used  in  Procedure  A.  As  in 
Procedure  A,  this  exposure,  post-exposure  test  sequence  was  repeated 
five  times,  with  an  increase  in  the  exposure  sound  of  5  aB(A)  for  each 
trial,  until  either  an  exposure  of  100  dB( A)  or  a  20  dB  TTS  is  reached. 
Thus,  the  test  was  conducted  according  to  the  format  shown  in  Table  12. 

All  subjects  completed  Procedure  A  over  a  period  of  about  four 
weeks.  As  each  subject  completed  Procedure  A,  he  or  she  was  scheduled 
to  return  for  Procedure  B.  The  minimum  time  between  Procedures  A  and  B 
was  four  weeks  for  a  subject;  ail  were  given  Procedure  B  within  12 
weeks  of  having  Procedure  A. 

Sxasriaent  III  ,LP5.,J?svu«.£ 

The  mean  data  averaged  across  the  30  subjects  are  shown  in 
Table  13.  This  cable  includes  the  mean  data  for  each  increment  magni¬ 
tude  and  each  exposure  level  for  both  Procedure  A  and  Procedure  B. 

A  three-way  analysis  of  variance  was  performed  to  test  the  effects 


of  the  test  parameters  in  this  experiment  on  the  LD  function.  The 


Table  12.  Test  Format  for  Procedure  B 


Exposure  l£S£  JjgflUSnaS. 


3road  band  noise  exposure  for  5  min  §  75  dBA  threshold  @  4000  Hz 

5  LD  §  4000  Hz 

Broad  band  noise  exposure  for  5  min  §  80  dBA  threshold  @  4000  Hz 

6  LD  g  4O00  Hz 

Broad  band  noise  exposure  for  5  min  @  85  dBA  threshold  3  4000  Hz 

&  LD  §  4000  Hz 

Broad  band  noise  exposure  for  5  min  3  90  dBA  threshold  §  4000  Hz 

&  LD  §  4000  Hz 

Broad  band  noise  exposure  for  5  min  @  95  dBA  threshold  §  4000  Hz 

4  LD  g  4000  Hz 

Broad  band  noise  exposure  for  5  min  3  100  dBA  threshold  §  4000  Hz 

4  LD  §  4000  Hz 


Table  13.  Summary  Data  for  Procedures  A  and  3 


Procedure  A  (2000  Hz  Exposure) 


aj. 


SL2. 


Increment  Magnitude 

Li  ai  m  m 


±*5.  2^2. 


Pre 


Mean 

0 

.27 

.93 

3.46 

5.6 

3.40 

9.70 

10.0 

SD 

0 

.90 

2.15 

3.24 

3.19 

1.95 

.59 

0 

75  dB 

Mean 

0 

.37 

1 .47 

3.70 

6.56 

8.83 

9.80 

10.0 

SD 

0 

1.03 

2.56 

3.15 

2.47 

1 .48 

.43 

0 

80  dB 

Mean 

0 

.10 

1.60 

4.27 

7.00 

8 .63 

9.90 

10.0 

SD 

0 

.40 

2.34 

3.29 

2 . 62 

1 .82 

.30 

0 

85  dB 

Mean 

0 

.  13 

1 .80 

4.60 

6.75 

8.68 

9.80 

10.0 

SD 

0 

.43 

2.49 

2.94 

2.76 

1.92 

.80 

0 

90  dB 

Mean 

.06 

•  30 

2.50 

5.20 

7.40 

8.93 

9.80 

10.0 

SD 

.25 

.74 

2.93 

2.89 

2.64 

1 .76 

.50 

0 

95  dB 

Mean 

.23 

.40 

2.41 

5.36 

7.70 

9.23 

9.76 

10.0 

SD 

.80 

.85 

2.59 

3.31 

2.32 

1.16 

.42 

0 

100  dB 

Mean 

.  10 

.57 

2.92 

5.75 

7.44 

9.21 

9.80 

10.0 

SD 

.14 

1.13 

2.73 

3.51 

2.97 

1  .44 

.50 

0 
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Table  13.  Summary  Data  for  Procedures  A  and  B  (Cont'd) 


Procedure  B  (Broad  Band  Noise  Exposure) 


Exposure  Level 

Increment  Magnitude 

U. 

1*1 

JLi  U  Hi  Li. 

1*5. 

1*2 

Pre 


Mean 

0 

.23 

1 .23 

3.62 

6.33 

9.00 

9.17 

10.0 

ED 

0 

.32 

2.23 

3 . 06 

2.71 

1 .50 

2.29 

0 

75  dB 

Mean 

0 

.30 

1.35 

4.17 

6 .47 

3 . 73 

9.57 

!0.C 

3D 

0 

1.05 

2.90 

3 .46 

2.76 

1 .87 

1 .68 

Q 

80  dB 

Mean 

.03 

.50 

2.27 

4 . 60 

6.73 

6.53 

9.90 

’0.0 

3D 

.21 

.97 

3. Do 

3.40 

3.17 

2.16 

.30 

■\ 

35  dB 

Mean 

.33 

.60 

2.77 

5.00 

6 . 80 

3.67 

9.17 

10.0 

3D 

.33 

1.73 

3.25 

3.29 

2.37 

2.15 

2.40 

0 

90  dB 

Mean 

.06 

.40 

2.U3 

5.C7 

7.27 

3.70 

9.70 

w ,  m 

SD 

.25 

.77 

2.69 

3.12 

2.33 

1 ,99 

.99 

.30 

9o  dB 

Mean 

0 

.67 

2.90 

5.50 

7.27 

8.93 

9.30 

10.0 

SD 

0 

1.15 

2.69 

3.40 

2.98 

1.31 

.60 

'J 

100  dB 

Mean 

.03 

.51 

3. 10 

6.00 

7.69 

3.93 

9.67 

9 .  ou 

SD 

.21 

.33 

2 .64 

3.44 

3.21 

2.23 

.86 

”  .30 
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design  of  this  analysis  was  a  three-factor  repeated  measures  analysis 
of  variance  with  eight  levels  of  the  increment  magnitudes  factor,  six 
levels  of  the  exposure  level  factor,  and  two  levels  of  the  exposure 
type  factor  (increment  X  exposure  level  X  exposure  type).  The  data 
entered  for  each  of  the  30  subjects  were  LD  shift  scores  (LDS)  .  The 
LDS  data  were  calculated  by  subtracting  each  subject's  pre-exposure 
data  at  each  increment  magnitude  from  the  post-exposure  data  collected 
at  each  respective  increment  magnitude.  LDS  scores  were  calculated  for 
every  level  of  exposure  (75  dB  through  100  dB)  for  the  data  collection 
in  both  Procedures  A  and  B  of  this  experiment.  Thus,  an  LDS  score  at 
each  increment  magnitude  for  each  of  the  exposure  levels  was  calculated 
for  both  types  of  sound  exposure. 

The  results  of  this  three-way  Analysis  of  Variance  are  summarized 
in  Table  14. 

There  is  a  significant  (ELxIM)  or  exposure  level  by  increment  mag¬ 
nitude  interaction.  This  interaction  was  a  result  of  the  way  the  LD 
growth  test  was  conducted.  That  is,  at  the  large  increment  magnitudes 
the  subjects  identified  most  of  the  test  items  in  the  pre-test  as  well 
as  in  the  post-exposure  test.  Because  of  ceiling  effects  the  suojects 
demonstrated  smali  LD  shifts. 

For  example,  a  subject  may  have  identified  nine  items  on  the  pre¬ 
test  and  all  of  the  items  on  the  post-exposure  test.  This  resulted  m 
a  small  LD3  because  only  ten  items  were  presented.  For  the  increment 
magnitudes  of  0.4  dB  through  1.0  dB,  seme  of  the  subjects'  LDS  in¬ 
creased  as  the  exposure  sound  increased.  At  the  increment  magnitudes 
of  0.2  dB  and  0.1  dB,  many  of  the  subjects  missed  the  items  in  the 


An, 

iDS 

po, 


.ry 

:po 

em< 


Mean  Degrees  of 


Between  Subjects 
Error 


38.103 


rtitr.m  cuojecos 


Exposure  Type  (ST) 

60.089 

1 

Error 

9.575 

29 

Exposure  Level  (EL) 

27.401 

5 

Error 

1.857 

145 

(STxEL;  Interaction 

3.711 

5 

Error 

1 . 600 

145 

Increment  Magnitude 
( IM) 

141.080 

T 

f 

Error 

11.020 

203 

(ETxIM)  Interaction 

7.283 

7 

Error 

3-973 

203 

(SLxIM)  Interaction 

4.477 

35 

Error 

0.989 

1015 

ETx  ELxIM  Interaction 

O 

m 

0 

35 

Error 

0.814 

1015 

6.276  0.018 

(Exact  Level, 


14.759  <0 . CO ' 


2.319  0.046 

(Exact  Level' 


12.802  <0.001 


1.334  0.062 

(Exact  Level) 


4.984 


<0.001 


0 . 62o  0.957 

(Exact  Level) 


pre-test  as  well  as  in  the  post-exposure  test.  Thus,  the  subjects 
showed  small  LDS  scores  for  the  large  increment  magnitudes  because  of 
ceiling  effects,  large  LD  shifts  for  the  mid  range  increments  and  small 
LDS  for  the  small  increment  magnitudes  as  the  exposure  sound  was  in¬ 
creased.  This  resulted  in  an  exposure  level  by  increment  magnitude 
interaction.  There  was  also  a  significant  ETxEL  (exposure  type  by  ex¬ 
posure  level)  interaction.  This  interaction  can  be  better  understood 
when  the  main  means  of  exposure  type  are  examined  at  the  various  expo¬ 
sure  levels.  Table  15  lists  these  mean  LDS  scores  based  on  240  obser¬ 
vations  . 

Note  the  mean  LDS  for  the  broad  band  noise  increased  from  the  75  dB 
exposure  to  the  35  dB  exposure.  At  90  dB  exposure,  the  mean  LDS  score 
decreased  and  then  increased  again  through  the  100  dB  exposure  level. 
The  mean  LDS  score  obtained  using  a  2000  h'z  pure-tone  exposure  sound, 
however,  gradually  increased  from  the  75  dB  exposure  through  the  100  dB 
exposure.  The  variation  in  the  LDS  scores  across  the  exposure  levels 
accounts  for  the  ETxEL  interaction.  When  a  Newman-Keuis  follow-up  test 
of  significant  different  was  performed  on  these  data,  it  was  found  that 
there  was  no  significant  difference  between  mean  LDS  scores  obtained  at 
the  35,  90,  and  95  dB  exposure  levels  for  the  broad  band  noise.  Thus, 
while  there  is  a  significant  ETxEL  interaction  the  importance  of  this 
interaction  is  questionable. 

There  was  a  significant  F  ratio  for  each  of  the  exposure  type  LET', 
exposure  level  (EL),  and  increment  magnitude  (IM!  factors.  The  sig¬ 
nificant  F  ratio  for  increment  magnitude  (IM)  indicates  that  there  was 
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a  significant  increase  in  the  number  of  items  identified  as  the  incre¬ 
ment  magnitude  was  increased.  Specifically,  subjects  identified  more 
of  the  large  increment  magnitudes  than  the  small  increment  magnitudes. 

The  significant  F  ratio  for  type  of  exposure  (ET)  indicates  that 
there  was  a  significant  difference  in  the  LDS  score.  Examination  of 
the  mean  values  collapsed  across  increment  magnitudes  and  exposure 
levels  showed  that  the  LDS  was  significantly  greater  when  the  broad 
band  exposure  was  used.  Since  the  broad  band  noise  exposure  produced 
larger  changes  in  the  LDS  sources,  it  may  be  considered  the  more  sen¬ 
sitive  stimulus  for  measuring  LDS  growth. 

The  large  F  ratio  for  the  exposure  level  (EL)  factor  indicates  that 
there  was  a  significant  difference  in  the  LDS  scores  as  the  level  of 
noise  exposure  was  changed.  The  LDS  scores  increased  as  the  exposure 
sound  was  increased.  A  Newman-'Keuis  follow-up  test  was  performed  on 
mean  LDS  scores  to  examine  the  main  effects  of  exposure  level  sep¬ 
arately  for  each  type  of  sound  exposure.  The  results  are  shown  in  the 
Tabie  16  employing  Duncan's  underlining  technique  to  identify  nonsig¬ 
nificant  pairs  of  means. 

In  Table  16,  the  mean  LDS  scores  were  averaged  across  the  30 
subjects  and  across  the  eight  increment  magnitudes.  The  results  of  the 
follow-up  test  indicate  that  the  lowest  exposure  level  which  resulted 
in  a  significant  shift  in  the  mean  LDS  scores  for  the  broad  band  noise 
exposure  was  35  dB  3PL.  As  discussed  previously,  the  mean  LDS  scores 
obtained  following  the  broad  band  noise  exposure  increased  from  the 
75  dB  SPL  through  85  dB  SPL ,  decreased  at  90  dB  SPL,  and  increased 
again  until  a  100  dB  SPL  noise  is  reached. 
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Table  16.  Follow-Up  Test  on  Mean  LDS  Data 


Exposure  Level  (dB) 

15.  M  85.  20.  £5.  102. 


* 

Noise 


3.4  5.5  6.2  8.0  8.5  9.7 


i 

I 


*2000  Hz 


Exposure  Level  (dB^ 


25. 

.  M 

85. 

Q<3 

ms. 

0.9 

1.9 

2.0 

5 . 1 

6.5 

7.7 

* 

Values  underlined  are  not  significantly  different  at  0.05. 


When  the  main  effect  Exposure  Level  was  examined  for  the  2000  Hz 
exposure,  a  significant  shift  in  mean  LDS  scores  occurred  following  the 
90  dB  SPL  exposure.  With  this  LDS  data  obtained  following  the  pure 
tone  exposure,  there  was  a  consistent  trend  of  increasing  mean  LDS 
scores  with  an  increase  in  exposure  level. 

Experiment  III  LDI  Results 

The  mean  LDI  data  averaged  across  the  30  subjects  is  shown  in 
Table  17.  This  table  includes  the  mean  data  for  each  exposure  level 
for  both  Procedure  A  and  Procedure  B. 

A  two-way  analysis  of  variance  was  performed  using  LDI  data.  The 
LDI  scores  were  calculated  for  each  exposure  spectrum  and  dB  level  by 
selecting  the  largest  LDS  score  obtained  on  each  subject  across  expo¬ 
sure  levels  (i.e.,  80,  85,  90,  95,  or  100  dB)  .  The  LDI  scores  were 
entered  into  the  respective  cells  of  an  Analysis  op  Variance  with  re¬ 
peated  measures  with  two  levels  of  the  exposure  type  factor  and  six 
levels  of  the  exposure  level  factor.  The  results  of  this  analysis  are 
summarized  in  Table  18.  Note  that  there  is  a  significant  interaction. 
The  exposure  type  by  exposure  level  interaction  is  the  result  of  the 
same  trend  that  was  observed  with  the  LDS  data.  That  is,  the  main 
effects  for  the  mean  LDI  data  (averaged  over  the  30  subjects)  for  the 
broad  band  noise  show  3n  increase  in  the  LDI  as  the  noise  was  increased 
from  75  dB  to  85  dB.  The  mean  LDI  scores  then  decreased  at  90  dB 
exposure  and  increased  througn  the  100  dB  exposure.  The  mean  LDI 
scores  for  the  2000  Hz  pure  tone  exposure  continued  to  increase  from 


the  75  dB  exposure  through  the  100  dB  exposure.  When  the  mean  LDI 


ro 
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Table  18.  Experiment  III:  Analysis  of  Variance  Summary  Table; 
LDI  Data  by  Exposure  Type  (N2)  and  Exposure  Level  (N6) 


Between  Subjects 

Error  58.528  29 


Within  Subjects 


Exposure  Type  (ET) 

149.51 1 

1 

10.419 

0.003 

(Exact  Level) 

Error 

14.350 

29 

Exposure  Level  (EL) 

46.364 

5 

12.080 

<0.001 

Error 

3.338 

145 

Interaction  (ETxEL) 

3.758 

5 

2.311 

0.047 

(Exact  Level) 

Error 

3.790 

145 

66 


scores  for  the  broad  band  noise  were  compared  with  a  Newman-Keuls 
follow-up  test,  the  decrease  in  the  mean  LDI  scores  at  90  dB  was  found 


to  be  nonsignificant. 

The  significant  F  ratio  for  the  type  of  exposure  factor  indicates 
that  there  was  a  significant  difference  between  the  scores  obtained 
using  the  two  types  of  exposure  sound;  the  shift  in  the  LDI  scores 
following  the  broad  band  noise  exposure  was  larger  following  the 
2000  Hz  exposure. 

The  F  ratio  for  the  exposure  level  factor  indicates  that  there  was 
a  significant  difference  across  the  exposure  level  factor.  The  main 
effect  of  exposure  level  was  examined  for  the  two  difference  exposure 
sounds  separately  using  a  Newman-Keuls  test.  The  results  of  this 
analysis  are  shewn  in  Table  19  employing  a  Duncan's  underlining  tech¬ 
nique  . 

The  results  indicate  that,  for  the  broad  band  noise  exposure,  there 
was  a  significant  shift  in  the  LDI  data  following  the  85  d3  exposure. 
The  follow-up  tests  on  the  2000  Hz  exposure,  however,  did  not  show  a 
significant  shift  in  the  LDI  until  the  95  dB  exposure  was  reached. 

Thus,  the  LDI  data  do  not  show  the  same  point  of  significant  change  as 
the  follow-up  test  performed  with  the  LDS  data.  In  general,  the 
significant  shifts  occurred  at  a  lower  sound  level  when  the  broad  band 
noise  exposure  was  used  in  the  LD  growth  test. 

Experiment  III  TT2  Results 

The  next  section  of  the  data  analysis  examined  the  TTS  growth  as  a 


function  of  exposure  level  and  exposure  spectrum.  To  obtain  the  TTS 


Table  19.  Follow-Up  Test  on  Mean  LDI  Data 


Noise  1.37  2.40  2.50  3-33  3.45  3.77 


data  the  pre-exposure  thresholds  for  each  subject  were  subtracted  from 
his/her  post-exposure  thresholds  for  each  exposure  level.  For  each 
subject,  six  TTS  values  were  calculated  for  Procedure  A,  and  six  TTS 
values  were  calculated  for  Procedure  B.  The  TTS  values  were  entered 
into  the  cells  of  a  two-way  Analysis  of  Variance  with  a  repeated  meas¬ 
ures  design  with  six  levels  of  the  exposure  level  factor  and  two  levels 
of  the  exposure  type.  The  results  of  this  analysis  are  summarized  in 
Table  20. 

The  F  ratio  for  exposure  type  was  nonsignificant,  indicating  no 
significant  difference  between  TTS  following  the  broad  band  noise  expo¬ 
sure  and  TTS  following  2000  Hz  pure  tone  exposure.  This  result  is 
contrary  to  the  results  obtained  with  the  LD  information  which  demon¬ 
strated  a  difference  between  the  types  of  exposure. 

The  ?  ratio  for  the  exposure  level  factor  was  large,  and  the  main 
effect  factor  was  evaluated  using  a  Newman-Keuis  follow-up  test.  The 
results  of  this  analysis  are  shown  in  Table  21,  using  Duncan's  under 
lining  technique  to  connect  nonsignificant  pairs  of  means.  The  lowest 
exposure  level  that  showed  a  significant  shift  was  95  dB  SPL. 

Because  the  broad  band  noise  exposures  resulted  in  the  largest  LDS 
scores  (see  Table  151,  the  main  effects  of  these  exposures  were 
examined  using  the  TTS  measurements.  This  analysis  was  also  done  using 
a  Newman-Keuis  follow-up  test;  the  results  are  displayed  in  Table  22. 
These  results  indicate  that  the  lowest  significant  shift  in  TTS  scores 
took  place  following  a  broad  band  exposure  of  30  dB. 


Table  20.  Experiment  III:  Analysis  of  Variance  Summary  Table;  TTS 
Data  with  Factor  of  Exposure  Level  (N6)  and  Exposure  Type  ( N2 ) 


1 

*7  1 


22.  Follow-Up  Test  on  Mean  TTS  Values 
for  Broad  Band  Noise 
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5-XCgriment  III  Correlation  Results 

The  correlations  between  the  TTS  and  LDI  data  at  each  exposure 
level  for  each  type  of  exposure  sound  are  summarized  in  Table  23. 

Pearson  Product  Moment  Correlations  across  the  30  subjects  were 
calculated  for  these  data  for  the  two  types  of  sound  separately.  The 
only  correlation  between  the  TTS  and  LDI  that  was  significant  (  .05)  was 
for  the  100  dB  Lp  2000  Hz  exposure.  The  low  product  moment  correla¬ 
tions  can  be  the  result  of  either  a  curvilinear  relationship,  or  no 
relationship  between  the  LDI  and  TTS  data.  Therefore,  scatterpiots 
were  made.  The  scatterpiots  of  the  TTS  and  LDI  data  for  each  exposure 
type  and  at  every  exposure  level  are  shown  in  Appendix  B.  None  of 
these  scatterpiots  show  a  curvilinear  relationship  or  a  distinguishable 
pattern.  It  is  concluded,  therefore,  that  the  low  correlation  between 
the  LDI  and  TTS  data  reflects  a  random  relationship  between  these  two 
types  of  data.  Even  the  significant  r  for  the  100  dB  exposure  sound 
is,  although  significantly  different  from  zero,  low  and  of  little 
predictive  value. 

III  Jelidbilitv  Measure; 

Several  measures  of  reliability  were  made  or,  the  LDS  data.  The  raw 
score  LDS  data  were  examined  to  determine  if  there  were  any  significant 
differences  in  the  LD  function  collected  in  the  pre-test  for  Procedure  A 
and  Procedure  B  by  comparing  the  data  collected  in  Procedures  A  and  3 
for  each  subject.  This  comparison  was  made  in  the  form  of  two  two- 
factor  repeated  measures,  eight  levels  of  the  increment  magnitude  fac¬ 
tor,  and  two  levels  of  the  test  condition  factor  (Procedures  A  and  5'. 


IP 
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The  raw  score  data  for  each  subject  were  entered  into  the  cells  of 
the  analysis  for  every  increment  magnitude  (0.1  through  2.0  dB)  in  the 
pre-test  of  Procedure  A  and  the  pre-test  of  Procedure  B.  The  results 
of  this  analysis  are  summarized  in  Table  24. 

There  was  no  significant  interaction  between  the  test  condition  and 
increment  magnitudes  and  thus  the  main  erfects  were  tested.  The  F 
ratio  for  the  test  condition  was  nonsignificant  and  it  can  be  included 
that  this  factor  was  not  a  significant  contributor  to  the  systematic 
variance  in  the  data.  The  F  ratio  for  the  increment  magnitude  factor 
was  highly  significant  and  the  variance  in  the  raw  data  can  be 
accounted  for  in  terms  of  the  change  in  increment  magnitude.  Thus, 
there  was  no  significant  difference  in  the  subject  performance  on  the 
two  pretests  at  the  respective  increment  magnitudes. 

The  reliability  of  LD  growth  test  was  also  calculated  by  Pearson 
Product  Moment  Correlations  in  a  test-retest  paradigm.  A  correlation 
coefficient  was  obtained  for  the  pre-test  data  collected  using  Proce¬ 
dure  A  and  Procedure  B  at  each  increment  magnitude.  These  correlations 
are  listed  in  Table  25. 

At  the  largest  (2.0)  and  smallest  (0.1)  increment  magnitudes,  a 
meaningful  correlation  could  not  be  obtained  because  ail  subjects 
obtained  identical  scores  of  0  ana  10  respectively.  The  correlations 
obtained  at  the  increment  magnitudes  of  0.2  dB  through  1.5  dB  are 
significant  at  a  0.05  level,  indicating  adequate  reliability  for  the  LD 


growth  measure  test. 
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TaDle  24.  Experiment  III:  Analysis  of  Variance  Summary  Table; 
Pre-Test  Data  with  Factors  of  Test  Condition  (N2 ) 
and  Increment  Magnitude  (N8) 


r 


SflULaa. 

Mean 

Squares 

Degrees  of 
Freedom 

Significance 

L£V£i 

Between  Subjects 

Error 

19.563 

29 

Within  Subjects 

Test  Condition  (TC) 

5.419 

1 

1.712 

0.201 

(Exact  Level) 

Error 

3 . 1  o4 

29 

Increment  Magnitude 
(i>!) 

1084.469 

7 

306. 919 

<0.001 

Error 

3.533 

203 

Interaction 

1.143 

7 

1.048 

0.399 

(Exact  Level) 

Error 

1 .090 
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Table  25.  Pearson  Product  Moment  Correlations  Between 
Pre-Test  Data  of  Procedures  A  and  B  (N30) 


SL2. 

m  u  ai 

_Ld£! 

1*0. 

2  .0 

*  0.56 

0.89  0.51  0.66 

0.42 

0.60 

* 

All  scores  were  identical  because  of  ceiling  effect  and  no  meaningful 
correlation  could  be  obtained;  all  other  r  values  significant  at 
0.05. 


A  reliability  estimate  was  calculated  to  determine  how  much  vari¬ 


ance  can  be  expected  when  the  LDI  test  is  used.  The  pre-exposure  LDS 
was  obtained  for  each  subject  by  subtracting,  at  each  respective  incre¬ 
ment  magnitude,  the  LD  score  obtained  on  the  pre-test  of  Procedure  A 
from  the  LD  score  obtained  on  the  pre-test  of  Procedure  B.  Even  though 
Procedures  A  and  B  used  different  types  of  noise  for  exposure,  the  pre¬ 
test  data  were  collected  prior  to  exposure  and  therefore  could  be  com¬ 
pared.  Table  26  lists  the  LDS  pre-exposure  data  means  and  standard 
deviations  of  the  30  subjects  at  each  respective  increment  magnitude. 

Mote  that  the  largest  standard  deviation  occurred  at  the  0.6  dB 
increment  magnitude.  Using  this  largest  standard  deviation  as  a  con¬ 
servative  estimate  of  variability,  it  can  be  concluded  that  an  indi¬ 
vidual's  LDI  must  change  by  more  than  four  (i.e.,  two  standard 
deviations)  in  order  to  be  95%  confident  that  the  LDS  is  due  to  seme 
phenomenon  other  than  individual  variation  in  the  test,  pre-test 
situation. 

.S-ummarY.  of  Experiment  III  Results 

Based  on  the  results  obtained  in  this  study,  the  following  general 
conclusions  can  be  made  about  these  three  measures  of  hearing  change: 

For  the  LD  function  of  increment  magnitudes  1.5  dB  and  higher,  the 
subjects  could  detect  almost  all  test  items  before  and  after  the  noise 
exposure.  The  mean  pre-exposure  LD's  (across  the  30  subjects)  for 
these  increments  were  97.35  and  100®  for  the  1.5  dB  and  2.0  d3 
increments  respectively.  Due  to  ceiling  effect,  little  if  any  change 
could  be  observed  at  these  increment  magnitudes;  therefore,  the 


Table  26.  Pre-Exposure  LDS  Means  and  Standard  Deviations 


Increment  Maen: 

Lluls,. 

Idai 

1x1 

1x1 

QJL 

QJl 

!x£ 

1x1 

1x5. 

1x1 

Mean 

0 

0.03 

0.30 

0.10 

0.47 

0.50 

0.03 

0 

SD 

0 

0.81 

1.06 

2.2 

2.  1 

1.31 

0.49 

0 
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remainder  of  this  discussion  on  LD  scores  will  center  on  the  increments 
of  1.0  dB  and  smaller. 

There  is  a  change  in  hearing  at  4000  Hz  which  can  be  observed  in 
the  LD  function  and  threshold  measures  following  high  level  sound 
exposure.  That  is,  the  ability  to  detect  small  changes  in  loudness 
improves  and  thresholds  become  worse  following  exposure  to  high  level 
sounds.  These  changes  in  LD  f 'unction  and  threshold  generally  increase 
as  the  exposure  sound  level  increases.  The  changes  observed  in  the  LD 
function  and  threshold  measures  are  temporary.  (This  finding  is  some¬ 
what  contradictory  to  the  study  by  Bekesy  (19601  in  which  his  measure 
of  recruitment  persisted  for  one  month.  This  might  be  due  to  the 
different  ways  of  measuring.  The  subjects'  thresholds  and  LD  functions 
returned  to  the  pre-exposure  values  by  24  hours  post-exposure  in  the 
present  study.) 

The  spectrum  of  the  exposure  sound  affects  the  LD  f ’unction.  That 
is,  significant  changes  in  the  LDS  and  LDI  scores  occur  at  lower  levels 
when  a  broad  band  noise  exposure  is  used  than  when  a  2000  Hz  pure  tone 
exposure  is  used  (Tables  16  and  19).  Specifically,  when  a  broad  band 
noise  exposure  is  used,  a  significant  shift  in  the  LDS  and  LDI  scores 
occurred  at  35  dB.  When  a  pure  tone  exposure  is  used,  a  significant 
change  in  the  LDS  data  does  not  occur  'until  a  90  dB  exposure  is 
reached,  and  a  significant  change  in  the  LDI  data  dees  not  occur  until 
the  level  is  increased  to  95  d3.  Thus,  it  appears  as  though  the  more 
sensitive  measure  of  change  in  the  LD  growth  test  is  obtained  when  the 
LD  function  is  measured  after  a  broad  band  noise  exposure. 
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Subject  thresholds  become  worse  following  sound  exposure.  Contrary 
to  the  LD  data,  however,  there  is  no  significant  difference  between  the 
threshold  shift  following  the  broad  band  noise  exposure  and  the  pure 
tone  exposure.  Thus,  the  TTS  measure  does  not  reflect  the  same  type  of 
response  to  spectral  changes  in  the  exposure  sound  as  the  LDS  measure. 
This  may  suggest  that  the  TTS  and  LD  growth  tests  measure  different 
types  of  temporary  hearing  changes  that  result  from  high  level  sound 
exposure.  The  hearing  change  that  the  LD  growth  test  reflects  varies 
with  the  spectral  content  of  the  exposure  sound,  while  the  hearing 
change  that  the  TTS  growth  test  reflects  does  not  change  with  the 
spectral  content  of  the  sound. 

The  correlation  between  TTS  and  LDS  data  were  obtained  on  the  30 
subjects  for  both  the  pure  tone  exposure  data  and  the  broad  band 
noise  exposure.  The  correlations  between  these  two  measures  were  low 
for  both  types  of  exposure.  These  results  suggest  that,  for  a  given 
subject,  the  TTS  growth  test  data  cannot  be  used  to  predict  accurately 
his/her  LDI  growth  test  results  and  vice  versa.  The  low  correlations 
between  these  two  measures  further  suggest  that  the  two  tests  measure 
different  aspects  of  the  hearing  changes  that  result  from  exposure  to 
sounds.  This  conclusion  is  drawn  because  1)  there  is  a  low  correlation 
between  the  TTS  and  LDI  growth  measures,  and  2)  changes  in  the  spec¬ 
tral  content  of  the  exposure  sound  affected  these  two  growth  measures 
differently.  Since  these  tests  do  not  duplicate  each  other,  the 
efficiency  of  identifying  a  noise-induced  auditory  change  should  be 
increased  when  both  tests  are  employed  in  a  test  battery.  Only  those 


81 


subjects  who  show  no  significant  change  in  either  test  can  be  identi¬ 
fied  as  not  demonstrating  a  noise-induced  hearing  change.  Threshold 
measures  alone  are  presently  employed  to  identify  persons  who  are 
susceptible  to  a  noise- induced  hearing  impairment.  Thus  persons  who 
demonstrate  a  noise-induced  LD  change  and  no  threshold  change  are  un¬ 
detected  as  being  susceptible  to  a  noise- induced  hearing  change. 

The  LDI  data  were  also  examined  in  this  experiment  for  each 
exposure  level.  (The  LDI  is  the  largest  LD  shift  for  each  listener 
regardless  of  the  increment  magnitude  at  which  it  occurred.)  Due  to 
ceiling  effects  arising  out  of  the  baseline  LD  function,  subjects 
varied  greatly  in  the  increment  magnitude  at  which  they  showed  the 
maximum  shift.  This  phenomenon  tended  to  obscure  the  LD  shift  on  the 
statistical  analysis.  The  LDI  characterizes  the  LD  shift  independently 
of  the  baseline  function  and  it  is  a  small  value  that  can  be  examined 
quickly.  The  LDI  provides  similar  information  to  the  LDS  scores 
averaged  across  the  increment  magnitudes.  Both  the  LDI  and  LDS  change 
significantly  as  the  exposure  level  is  increased  and  they  both  demon¬ 
strate  an  earlier  shift  with  the  broad  band  than  with  the  pure  tone 
exposure.  The  LDI  gives  a  single  number  which  is  easy  to  obtain, 
minimizes  the  variance  introduced  by  individual  differences,  accurately 
reflects  the  averaged  LDS  findings  and  is,  in  some  test  paradigms,  a 
more  sensitive  measure  of  changes  in  loudness  perception  than  the  LDS 
scores.  It  is  therefore  concluded  that  the  LDI  can  be  used  in  a  clin¬ 
ical  test  procedure  designed  to  measure  LD  changes  that  occur  following 
noise  exposure.  A  clinical  test  of  LD  changes  may  be  of  use  as  a  test 
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designed  to  identify  subjects  who  are  abnormally  sensitive  to  noise- 
induced  hearing  changes. 

The  LDS  data  were  also  examined  for  repeatability  of  test  results. 
The  pre-exposure  raw  scores  data  for  the  two  procedures  were  compared 
m  a  two-way  Analysis  of  Variance  with  factors  of  increment  magnitude 
and  test  condition  (Procedures  A  and  B)  and  no  significant  changes  were 
found  (Table  24).  Thus,  the  variance  in  the  pre-exposure  raw  data  can 
be  accounted  for  in  terms  of  the  change  in  increment  magnitude  only. 

The  reliability  of  the  LD  growth  test  was  obtained  more  directly  by 
calculating  a  Pearson  Product  Moment  Correlation  on  the  pre-exposure 
data  for  the  respective  increment  magnitudes  of  Procedures  A  and  B. 

The  results  of  the  analysis  indicate  that  the  LD  growth  test  shows  high 
test-retest  reliability,  with  all  the  correlations  significant  at  a 
0.05  level. 

An  estimate  of  the  reliability  of  LD  measures  was  also  obtained  by 
examining  the  means  and  standard  deviations  of  the  pre-exposure  data. 
The  largest  standard  deviation  of  this  LDS  pre-exposure  data  can  be 
used  as  a  conservative  estimate  of  the  variability  that  can  be  expected 
in  an  individual  LDI  score.  To  be  95*  confident  that  the  LD  shift  is 
due  to  some  phenomenon  other  than  individual  variation  in  the  test 
retest  situation,  an  individual  LDI  must  change  by  more  than  4J. 

Appendix  C  describes  a  proposed  test  procedure  that  can  be  employed 
with  the  LD  test  described  in  Procedure  B  of  Experiment  III  to  obtain 


data  on  noise-induced  changes  in  the  LD  function. 
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SUMMARY,  CONCLUSIONS  AND  SUGGESTIONS 
FOR  FURTHER  RESEARCH 


Summary  and  Conclusions 

Case  history  information  obtained  from  the  subjects  in  Experiment  II 
was  used  to  separate  the  normal  hearing  subjects  with  a  previous  his¬ 
tory  of  noise  exposure.  These  two  groups  did  not  differ  in  TTS  growth 
and  LDI  growth  experienced  following  a  noise  exposure.  Thus  it  can  be 
concluded  that  there  was  no  difference  between  TTS  growth  and  LDI 
growth  of  normal  hearing  subjects  with  and  without  a  previous  history 
of  noise  exposure.  This  result  may  be  due  to  the  improper  classifica¬ 
tion  of  the  subjects  because  of  variance  in  subjective  criteria  of  what 
constitutes  a  noisy  situation. 

The  rest  of  this  conclusion  section  pertains  directly  to  the  TTS 
and  LD  test  results  obtained  in  this  project. 

It  is  necessary  to  implement  the  following  procedures  and  param¬ 
eters  to  obtain  an  efficient  and  accurate  LD  function: 

1.  The  timing  intervals  between  successive  presentation  of  the 
increment  magnitudes  should  be  varied  randomly . 

2.  Increment  magnitudes  smaller  than  0.5  dB  should  be  used  to 
characterize  the  LD  function  for  ail  individuals. 

3.  LD  measures  for  increments  that  produce  larger  than  the  100* 
response  level  and  smaller  than  the  0*  response  level  need  not 
be  obtained. 
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4.  The  LD  function  should  begin  with  the  2.0  dB  increment 
magnitude  since  all  subjects  could  detect  all  test  items  at 
2.0  dB  and  higher. 

5.  LD  measures  should  begin  at  least  30  seconds  after  the  noise 
exposure . 

The  equipment  necessary  to  present  randomly  timed  increment 
magnitudes  of  0.1,  0.2,  0.4,  0.6,  0.8,  1.0,  1.5  and  2.0  has  been 
designed  and  constructed.  A  test  procedure  that  incorporates  the  above 
recommendations  has  also  been  designed  and  implemented  in  the  LD  growth 
test  examined  in  this  study. 

The  Loudness  Discrimination  Shifts,  Loudness  Discrimination  Index, 
ana  temporary  threshold  shifts  following  sound  exposures  were  examined 
in  this  study.  Based  on  the  results  obtained  in  this  study,  the  fol¬ 
lowing  general  conclusions  can  be  mace  about  these  three  measures  of 
hearing  change. 

The  LD  function  shows  greater  change  after  a  snort  period  of  time 
(e.g.,  30  seconds)  than  immediately  following  the  noise  exposure.  (As 
mentioned  previously,  the  LD  function  obtained  immediately  may  have 
been  affected  more  by  other  auditory  responses  which  result  frcm  noise 
exposure.  These  quickly  changing  auditory  responses  which  result  frcm 
noise  exposure  include  large  threshold  shifts  and  tinnitus.)  The  time 
variance  between  the  LD  function  obtained  in  Experiment  II  and  in 
Procedure  A  of  Experiment  III  was  approximately  two  minutes.  This 
two-minute  difference  in  measuring  the  LD  function  resulted  in  a  5  db 
change  in  the  exposure  level  that  elicited  a  significant  LDI . 


The  spectrum  of  the  exposure  sound  also  affected  the  L D  function. 


Significant  changes  in  the  LDS  and  LDI  scores  occurred  at  lower  levels 
when  a  broad  band  noise  exposure  was  used  than  when  a  2000  Hz  pure  tone 
exposure  was  used.  Specifically,  when  a  broad  band  noise  exposure  was 
used,  a  significant  shift  in  the  LDS  and  LDI  scores  occurred  at  35  dB. 
When  a  pure  tone  exposure  was  used,  a  significant  change  in  the  LDS 
data  did  not  occur  until  a  90  dB  exposure  was  reached,  and  a  signifi¬ 
cant  change  in  the  LDI  data  did  not  occur  until  the  level  was  increased 
to  95  dB. 


The  TTS  growth  measure  was  not  affected  by  the  spectrum  of  the 
noise  exposure.  That  is,  there  was  no  significant  difference  in  the 
growth  of  TTS  following  a  pure  tone  exposure  and  the  growth  of  TTS  fol¬ 
lowing  a  broad  band  noise  exposure.  These  results  suggest  that  while 
both  the  LD  growth  and  threshold  growth  measure  change  temporarily  fol¬ 
lowing  exposure  to  high  level  sound,  they  respond  differently  to 
changes  in  the  spectral  content  of  the  exposure. 

The  correlations  between  the  TTS  growth  and  the  LDI  growth  measures 
were  nonsignificant  at  ail  the  levels  of  the  broad  band  noise  exposure. 
Thus  it  can  be  concluded  that  a  subject's  LDI  score  cannot  be  predicted 
from  his/her  TTS  score. 


The  test-retest  reliability  coefficient  of  the  LDS 
significant  at  a  conservative  0.05  level.  Clinically, 
necessary  to  observe  a  change  in  the  LDI  score  of  four 
one  can  bo  95 %  confident  that  this  measure  reflects  an 
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In  nummary ,  the  findings  obtained  in  this  study  suggest  that  the  LI 
growth  test  and  TTS  growth  test  reflect  two  different  temporary  audi¬ 
tory  changes  that  result  from  noise  exposure.  This  is  concluded 
because  i )  tnere  is  a  low  correlation  between  the  TTS  and  LDI  growth 
measures,  and  2)  changes  in  one  spectral  content  of  the  exposure  sound 
as  well  as  post-exposure  time  delays  affected  these  two  growth  measures 
differently . 

Because  a  subject's  response  on  the  LD  growth  test  cannot  predict 
his/her  response  on  the  TTS  growth  test  and  vice  versa,  it  is  necessary 
to  collect  data  on  both  types  of  measures  to  determine  if  noise- induced 
hearing  change  is  experienced.  That  is,  the  ability  to  detect  small 
changes  in  loudness  improves,  and  thresholds  or  the  ability  to  detect 
sounds  oecome  worse  following  exposure  to  hig.n  level  sounds.  These 
changes  in  LD  function  and  threshold  increase  as  the  exposure  sound 
level  increases.  The  changes  observed  in  the  LD  function  and  threshold 
measures  were  temporary.  The  subject's  thresholds  and  LD  functions  had 
returned  to  the  pre-exposure  values  by  24  hours  post-exposure. 

The  LDI  measures  reflected  findings  similar  to  the  LDS  scores 
averaged  across  the  increment  magnitudes  in  that  they  both  increased 
significantly  with  increased  sound  exposure.  The  LDI  gives  ?.  single 
number  which  is  easy  to  obtain,  accurately  reflects  the  averaged  Lis 
findings,  and  is,  in  some  test  paradigms,  a  mere  sensitive  measure  of 
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In  the  different  LD  tests  examined  in  this  study,  the  exposure 
level  at  which  significant  changes  in  LDI  scores  occurred  was  found  to 
depend  upon  1)  the  time  after  exposure  at  which  the  LD  measure  was 
obtained,  and  2)  the  kind  of  exposure  used.  Specifically,  when  the  LD 
function  was  measured  at  least  30  seconds  after  exposure  to  a  2000  Hz 
tone  (Procedure  A  of  Experiment  III),  significant  changes  occurred  in 
the  LDS  scores  at  90  dB.  When  the  LD  function  was  obtained  immediately 
after  the  noise  exposure  (Experiment  II),  LDS  scores  were  significant 
for  exposures  of  100  dB.  These  results  indicate  that  when  the  post¬ 
exposure  time  is  increased ,  the  level  at  which  a  significant  change  in 
the  LD  function  occurs  decreases. 

Because  of  the  low  correlations  between  the  LD  and  TTS  measures,  it 
is  questionable  whether  one  of  these  types  of  hearing  changes  precedes 
the  other  as  an  auditory  reaction  to  noise  exposure.  Until  a  single 
clear-cut  predictive  tool  for  the  identification  of  a  noise-induced 
pathology  is  found,  a  test  battery  is  desirable  which  incorporates  all 
tests  that  measure  different  auditory  changes  which  can  result  from 
noise  exposure. 

Appendix  C  describes  a  proposed  test  procedure  that  can  be  employed 
with  the  LD  test  described  in  Procedure  B  of  Experiment  III  to  obtain 
data  on  noise-induced  changes  in  the  LD  function.  This  test  procedure 
appears  to  be  a  quick  and  sensitive  measure  of  noise- induced  changes 
that  occur  in  the  loudness  discrimination  function.  This  author  rec¬ 
ommends  that  this  LD  growth  test  procedure,  in  conjunction  with  the  TTS 
measures,  be  used  to  identify  those  individuals  who  experience  a 
noise-induced  auditory  change. 


It  is  believed  by  this  author  that  several  design  changes  should  be 
implemented  if  Experiment  III  of  this  study  was  repeated.  These 
changes  include  alterations  in  the  collection  procedure  and  mode  of 
subject  response. 

To  reduce  test  order  effects  within  the  subject  group,  half  of  the 
subjects  should  be  tested  with  the  broad  band  noise  exposure  first  and 
half  of  the  subjects  should  be  tested  with  the  pure  tone  exposure 
first.  In  Experiment  III,  all  30  subjects  were  tested  first  with  the 
pure  tone  exposure  and  in  the  next  session  with  the  broad  band  expo¬ 
sure.  If  the  subjects'  ability  to  detect  changes  in  loudness  improved 
with  practice,  larger  LD  shifts  would  be  noted  on  the  second  procedure. 
This  was  the  case. 

Another  suggestion  for  the  improvement  of  the  experimental  design 
is  to  have  the  subjects  respond  by  using  a  response  button.  In  this 
study  the  subjects  responded  by  raising  a  finger  when  a  change  in  the 
loudness  of  the  stimuli  was  noted.  Occasionally  a  subject  would  par¬ 
tially  raise  his/her  finger.  This  response  had  to  be  interpreted  by 
the  experimenter  as  a  positive  or  negative  response.  A  button/light 
response  would  mandate  a  yes  or  no  subject  response.  This  would  reduce 
experimental  bias. 

If  the  LD  growth  test  is  to  be  used  as  part  of  a  test  battery  to 
identify  people  who  are  susceptible  to  some  type  of  noise-induced 
auditory  change,  it  must  be  validated.  It  is  imperative  that  longi¬ 
tudinal  studies  of  LD  functions  be  conducted  to  investigate  the  rela¬ 
tionship  between  the  temporary  noise-induced  changes  in  the  LD  function 
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and  permanent  noise- induced  auditory  impairment.  This  study  showed 
that  the  temporary  noise- induced  changes  in  the  LD  function  did  not 
correlate  with  TTS  measures;  however,  it  is  not  known  if  these  tem¬ 
porary  LD  changes  which  result  from  an  LD  growth  test  correlate  with 
permanent  noise-induced  pathologies  such  as  recruitment,  discrimination 
problems  or  tinnitus.  Perhaps  the  question  of  validity  could  be 
approached  indirectly  through  the  use  of  a  more  accurate  classification 
of  the  previously  noise-exposed  subjects  and  the  non-noise-exposed 
subjects.  Subjects  who  had  a  previous  history  of  noise  exposure  and 
had  not  experienced  any  of  the  pathologies  associated  with  noise 
exposure  could  be  classified  as  noise-resistant.  If  these  subjects 
also  demonstrated  small  changes  in  LD  functions  following  noise 
exposure,  an  indirect  measure  of  validity  could  be  implied.  An 
indirect  measure  of  validity  has  been  conducted  in  the  form  of  a  cross- 
sectional  study  of  LD  functions  (Michael  et  al.,  1978).  Specifically, 
baseline  LD  functions  were  obtained  on  60  subjects  with  a  history  of 
noise  exposure  and  60  subjects  with  no  history  of  noise  exposure.  The 
result  of  this  study  demonstrated  that  the  LD  function  for  the  noise- 
exposed  group  was  significantly  different  from  the  non-noise-exposed 
group  for  increment  magnitudes  of  1  dB  and  lower.  This  difference  was 
in  the  direction  of  the  noise-exposed  group  identifying  smaller  in¬ 
crement  magnitudes  than  the  non-noise-exposed  group. 

This  study  investigated  only  some  aspects  of  clinical  feasibility, 
sensitivity,  and  reliability  of  an  LD  growth  test.  Continued  research 
should  be  conducted  in  these  areas  before  the  LD  growth  test  can  be 
utilized  effectively  in  an  industrial  hearing  conservation  program. 


* 
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Related  research  has  been  done  on  the  feasibility  of  obtaining  LD 
functions  as  part  of  a  test  battery  employing  an  industrial  popula¬ 
tion  (Schrock,  1979).  This  study  demonstrated  that  reliable  LD 
measures  could  be  obtained  on  untrained  listeners  in  a  relatively  short 
period  of  time. 

Other  parameters  of  the  LD  growth  test  procedure  that  should  be 
investigated  included  a  reliability  measure  obtained  on  untrained 
listeners.  A  baseline  LD  function  was  obtained  on  60  untrained 
subjects  in  a  study  by  Leslie  Scott  (1979).  When  these  baseline  LD 
functions  were  compared  to  the  baseline  LD  functions  on  trained 
subjects,  there  was  no  significant  difference  between  these  two  groups. 
Many  of  the  subjects  used  in  this  study  had  participated  in  other 
listening  experiments.  If  this  test  is  to  be  used  in  an  indus¬ 
trial  setting,  a  reliability  measure  should  be  obtained  on  untrained 
subjects.  This  type  of  reliability  would  give  insight  into  the  diffi¬ 
culty  of  the  task  involved  in  the  LD  growth  test. 

As  mentioned  previously,  the  LDI  obtained  in  Procedure  B  of 
Experiment  III  did  not  correlate  with  the  Temporary  Threshold  Shift 
measure.  Further  investigations  should  be  done  to  see  if  any  audio¬ 
metric  test  correlates  with  noise-induced  LD  changes.  Some  research 
has  been  done  on  the  correlation  of  tinnitus  with  LD  measures  (Kennedy, 
1979)  and  tone-on-tone  masking  with  LD  measures  (Michael  et  al.,  1978). 
However,  continued  research  in  this  area  may  give  insight  into  the  way 
noise  affects  the  auditory  mechanism. 

All  of  the  subject  groups  used  in  this  study  were  made  up  of  both 
males  and  females  under  the  age  of  30  years.  Scott  (1979)  found  no  sex 


differences  in  the  LD  function  with  high  level  exposure.  Bennett 
(1979)  found  some  indication  of  sex  differences  in  the  LD  measure  at 
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moderate  levels  of  exposure.  It  would  also  be  interesting  to  see  if 
age  or  sex  affected  the  LD  function  in  this  type  of  growth  paradigm. 

In  the  area  of  clinical  feasibility  of  the  LD  growth  test,  further 
research  is  necessary  to  decrease  the  testing  time  required.  Schrock 
(1979)  found  that  the  test  time  could  be  decreased  by  having  the 
experimentor  manually  present  the  increment  magnitudes  for  the  LD 
function.  Perhaps  an  accurate  and  meaningful  LD  function  could  be 
measured  with  two-  or  three- increment  magnitudes.  As  demonstrated  in 
this  study,  the  largest  LD  shifts  occurred  at  increment  magnitudes 
between  0.2  dB  and  1  dB.  The  test  time  could  be  reduced  significantly 
if  only  a  few  increment  magnitudes  were  used  to  characterize  the  LD 
function. 

The  test  time  could  also  be  reduced  if  fewer  five-minute  exposures 
were  used.  That  is,  the  subject's  LD  change  could  possibly  be  charac¬ 
terized  accurately  by  using  exposures  that  increase  in  10  dB  steps 
instead  of  5  dB  steps.  Perhaps  a  greater  change  in  the  LD  function 
would  occur  following  exposures  of  a  ten-minute  duration  instead  of  a 
five-minute  duration.  While  this  would  increase  the  test  time,  it 
might  produce  larger  LDI's  and  thus  be  a  more  sensitive  measure. 

Some  interesting  subjective  responses  of  the  subjects  were  noted 
following  the  noise  exposure.  Several  subjects  noticed  that  their 
post-exposure  tinnitus,  as  well  as  the  4000  Hz  test  tone,  appeared  to 
change  in  pitch  or  quality  with  increased  noise  exposure.  Possibly  a 
study  in  which  the  subjects  were  asked  to  match  the  spectrum  and 


intensity  of  post-exposure  tinnitus  or  a  pure  tone  would  provide  some 
insight  into  noise-induced  auditory  changes. 

It  was  interesting  to  note  that  the  majority  of  subjects  who 
noticed  postexposure  tinnitus  judged  it  as  being  located  in  the  ear 
contralateral  to  the  exposed  ear.  This  unusual  finding  is  not  without 
precedent  (Scott,  1 97 95.  This  subjective  response  may  warrant  further 
investigation. 

It  is  necessary  to  validate  the  LD  function  through  longitudinal 
studies  which  examine  .the  correlation  between  the  temporary  noise- 
induced  changes  in  the  LD  function  and  permanent  noise- induced  auditory 
impairment.  Until  such  studies  are  undertaken,  it  can  only  be  stated 
that  1 )  high  level  noise  exposure  results  in  temporary  but  significant 
changes  in  the  loudness  discrimination  function  at  4000  Hz,  and  2)  the 
noise-induced  changes  in  the  LD  function  appear  to  reflect  auditory 
changes  which  occur  independently  of  noise- induced  threshold  changes. 
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APPENDIX  A 


Form  Used  for  Recording  Case  History  Information 


Name. 


Date. 


.Recorded 


.Initial 
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HISTORY  YES  NO  COMMENTS 

1  Have  you  had  a  previous  hearing 

test? 

2  Have  you  ever  had  hearing 

trouble? 

3  Do  you  now  have  any  trouble 

hearing? 

4  Have  you  ever  worked  in  a 

noisy  industry? 

5  Do  you  think  you  can  hear 

better  in  your  Right  ear? 

or  Left  ear? 

6  Have  you  ever  had  noises  in 

your  ears? 

7  Have  you  ever  had  dizziness? 

8  Have  you  ever  had  a  head  injury? 

9  Has  anyone  in  your  family  lost 

his  hearing  before  age  50? 

10  Have  you  ever  had  measles, 

mumps,  or  scarlet  fever? 

1 1  Do  you  have  any  allergies? 

12  Are  you  now  taking  or  have 

you  regularly  taken  drugs, 
antibiotics,  or  mediation? 

13  Have  you  ever  had  an  earache? 

14  Have  your  ears  ever  run? 

Right  ear?  Left  ear? 

15  Have  you  been  in  the  mili¬ 

tary  service?  Describe 

16  Have  you  been  exposed  to  any 

sort  of  gunfire?  Describe 

17  Do  you  have  a  second  job? 

Explain 


18  What  hobbies  do  you  have? 
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APPENDIX  3 

Scatterplots  of  LDI  vs.  TTS  Data  Obtained  in  Experiment  III 
Procedure  A  and  Procedure  B  at  Exposure  Levels  of  75  dB  Through  100  dB 
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APPENDIX  C 

Application  of 

Noise-Induced  Changes  in  the  LDI 
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The  following  is  a  proposed  application  of  Experiment  III  results 
to  a  clinical  test  procedure  that  might  be  used  to  collect  data  on 
noise- induced  changes  in  the  LD  function. 

The  benefit  of  using  the  LDI  measure  in  this  test  procedure  has 
been  discussed  previously  (see  Chapter  IV).  In  Procedure  B  of  Experi¬ 
ment  III,  the  LDI  data  pooled  across  the  30  subjects  appears  to  be 
distributed  normally  following  noise  exposures  80  through  100  dB  SPL. 
The  portion  of  the  population  which  experienced  the  largest  LDI  follow¬ 
ing  each  of  these  noise  exposures  can  be  considered  as  being  the  most 
sensitive  to  a  noise-induced  auditory  change  in  loudness  perception. 
Those  subjects  that  fall  one  standard  deviation  above  the  mean  comprise 
the  most  sensitive  16%  of  the  population.  Table  27  is  a  list  of  the 
means  and  standard  deviations  of  the  LDI  data  collected  in  Procedure  B 
of  Experiment  III. 

Thus,  if  a  subject  obtained  a  positive  LDI  score  on  the  LD  growth 
test  previously  described  greater  than  the  numbers  listed  in  Table  28, 
ne/sne  can  be  considered  as  being  in  the  16$  which  is  most  sensitive  to 
a  noise- induced  hearing  change,  based  on  the  subject  pool  for  this 
experiment.  The  LDI  score  is  the  largest  difference  score  between  the 
pre-exposure  and  post-exposure  LD  function  for  each  exposure  level. 
These  LD  function  scores  are  wnole  numbers  referring  to  increments  (out 
of  ten)  correctly  identified.  Thus,  the  LDI  values  listed  in  Table  28 
should  be  rounded  off  to  the  nearest  whole  number  to  be  clinically 
practical.  Therefore,  a  subject  could  be  considered  sensitive  to 
noise-induced  auditory  changes  in  loudness  perception  if  the  post¬ 
exposure  LDI  scores  exceeded  the  numbers  in  Table  29  for  the  respective 
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Table  27.  LDI  Data  Averaged  Across 
30  Subjects'  Exposure  Levels 
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Table  28.  LDI  Scores  for  Exposure  Levels 


exposure  levels.  These  numbers  would  apply  only  to  LD  changes  induced 
by  the  test  procedure  outlined  in  Experiment  III,  Procedure  B.  That 
is,  the  test  would  begin  with  a  five-minute  exposure  to  broad  band  pink 
noise  at  75  dB(A).  The  LD  function  would  be  measured  30  seconds  post¬ 
exposure  at  50  dB  HL  and  4000  Hz.  This  post-exposure  LD  test  would 
begin  with  the  smallest  increment  magnitude  at  which  the  subject  could 
identify  all  the  increment  magnitudes  before  the  noise  exposure. 

Following  this  LD  measurement,  the  subject  would  be  exposed  to  a 
broad  band  pink  noise  at  80  dB(A)  for  five  minutes,  after  which  the 
same  post-exposure  LD  test  sequence  would  be  administered.  This  proce¬ 
dure  would  be  repeated  five  times,  with  an  increase  in  the  exposure 
tone  of  5  dB(A)  for  each  trial  until  an  exposure  of  100  dB(A)  is 
reached  or  until  the  subjects'  LDI  exceeds  the  respective  numbers 
listed  in  Table  29. 

When  this  sensitivity  criteria  is  applied  to  the  subjects  used  in 
Experiment  III,  six  subjects  are  identified  as  being  "sensitive"  to 
noise-induced  changes  in  loudness  discrimination.  Table  30  lists  these 
subjects  and  their  respective  LDI  scores.  Six  subjects  represent  20J 
of  the  population  used  in  this  study.  It  should  be  noted  that  the  LDI 
for  suoject  number  7  exceeded  the  "sensitive"  LDI  value  at  only  one 
exposure  level  and  is  below  the  "sensitive"  LDI  value  at  all  other 
exposure  levels.  Thus,  the  large  LDI  obtained  following  the  95  dB 
exposure  level  for  this  subject  may  be  an  erroneous  score.  All  of  the 
other  subjects  showed  large  LDI  scores  following  several  exposure 
levels.  This  LD  growth  test  should  be  standardized  on  a  larger  sample 
that  more  accurately  reflects  the  persons  found  in  the  environment  in 
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which  it  will  be  used  (^.e.,  untrained  listeners).  Until  this  is 
standardized  on  such  a  population,  it  can  only  be  stated  that  these 


critical  LDI  values  can  be  applied  to  subjects  who  fit  the  profile  of 


the  subject  pool  for  Experiment  III. 
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